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ABSTRACT 

Chemical abundances of 26 metal-poor dwarfs and giants are determined from 
high-resolution and high signal-to-noise ratio spectra obtained with Subaru/HDS. 
The sample is selected so that most of the objects have outer-halo kinematics. 
Self-consistent atmospheric parameters were determined by an iterative proce- 
dure based on spectroscopic analysis. Abundances of 13 elements, including 
a-elements (Mg, Si, Ca, Ti), odd-Z light elements (Na, Sc), iron-peak elements 
(Cr, Mn, Fe, Ni, Zn) and neutron-capture elements (Y, Ba), are determined by 
two independent data reduction and LTE analysis procedures, confirming the 
consistency of the stellar parameters and abundances results. We find a decreas- 
ing trend of [ot/Fe] with increasing [Fe/H] for the range of —3.5 < [Fe/H]< —1, 
as found by Stephens and Boesgaard (2002). [Zn/Fe] values of most objects 
in our sample are slightly lower than the bulk of halo stars previously studied. 
These results are discussed as possible chemical properties of the outer halo in 
the Galaxy. 
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1. Introduction 

In recent years, comprehensive studies of stars in the Galactic old components, such as 
the halo and the thick disk, have been carried out to understand the origin of our Galaxy and 
its early evolution. A mainstream approach is to get such information through studying the 
detailed elemental abundances of metal deficient stars, because many of these objects have 
formed from primordial gas clouds during the early chemo-dynamical evolution of the Galaxy 
(e.g., Beers & Christlieb 2005 and references therein). Indeed, in the course of Galactic 
chemical evolution, heavy elements synthesized during the massive star evolution and the 
supernova explosion are mixed into interstellar matter, from which subsequent generations 
of stars are formed (e.g., Shigeyama & Tsujimoto 1998). Extremely metal-poor stars that 
we are currently observing are candidate low-mass stars among those formed in this early 
stage of the Galaxy. Chemical abundance studies for such metal-poor stars in the past 
few decades (e.g., Zhao & Magain 1990, 1991; McWilliam et al. 1995; Gratton et al. 1997; 
McWilliam 1998; Carretta et al. 2002; Cayrel et al. 2004; Barklem et al. 2005) and modeling 
of massive stars and supernova explosions (e.g., Heger & Woosley 2002; Umeda & Nomoto 
2005) provide useful constraints on the nucleosynthesis processes in the early Galaxy. 

These old stellar populations often show high space motions relative to the stars in the 
thin-disk component, which reflects the early dynamical motion of the Galaxy, such as an 
overall collapse and/or merging process. Thus, studies on kinematics of metal -poor stars pro 



vide u nique information on Galactic structure and formation. For instance, IChiba fc Beers 



( 120001 ) studied the space motions of about 1200 metal-poor stars with [Fe/H]< —0.6, uti- 
lizing the accurate measurements of their proper motions by the Hipparcos mission. Their 
results have revealed characteristic kinematics of stars, such as a discontinuous change of 
mean rotational motion (< >) at [Fe/H]~ —1.70, suggesting a discontinuous evolution 
of the Galaxy's collapse between the formation stage of the halo and disk components, and 
some kinematical substructures as indicative of merging debris. Indeed, more evidence of 



merging of smaller galaxies in the formation of the Galaxy has been found (jlbata et al.lll994 



Preston et al.l Il994l ; iBullock fc Johnston! 120051 ) . It has also been made clear that the halo 



is divided into two separate components, the flattened inner halo and spherical outer halo 
(e.g., Sommer-Larsen & Zhen 1990; Norris 1994). More recently, Carollo et al. (2007) 
showed, based on the large sample provided by Sloan Digital Sky Survey (SDSS), that the 
outer halo exhibits a net retrograde motion in contrast to a small prograde rotation of the 
inner halo, indicating that the Galaxy collapse was not monolithic unless otherwise its spin 
motion would have been unidirectional. 



1 [A/B] = log(iVA/iVB) - \og(N A /N B ) Q 
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Further constraints on the scenario of Galaxy formation can be obtained from the de- 
tailed chemical abundances of individual stars in the nearby dwarf galaxies, which are possi- 
ble remnants of building blocks of the Galactic halo. A key is the abundance ratio between 
the a elements and the iron-peak elements. For instance, while the bulk of halo stars have 
over- abundances of a elements, a significant fraction of stars in Galactic dwarf galaxies have 
comparatively low [a/Fe] ratios (e.g., Shetrone et al. 2001, 2003; Aoki et al. 2009b). How- 
ever, the halo component itself holds a dual nature as mentioned above, so further studies of 
the relationship between chemical abundance such as a-elements and kinematical properties 
of individual halo stars will provide new insight into the formation of the Galaxy. 

Analysis of chemical ab undances and kinemat ics of a large sample of galactic hal o stars 
have been carried out by e.g.. lFulbrightl (120001 . |2002| ) and lStephens fc Boesgaard J2002h (here- 



after SB02), who discussed a possible correlation between [a/Fe] and kinematical properties 
in particular for the halo stars having extreme orbital motions. While weak correlations 
between the abundances with some orbital parameters were suggested, their samples of field 
halo stars, including stars having extreme motions, show distinct chemical abundances from 
those seen in the nearby dwarf galaxies. From these results, it was concluded that the accre- 
tion of dwarf galaxies similar to those currently orbiting our Galaxy did not play a key role 
in the formation of the Galaxy. However, neither of them covered adequate number of stars 
that have large Z max , the maximum distance of the orbit above and below the Galactic plane, 
which is one useful indicator to select outer halo stars, thereby allowing us to investigate 
any systematic trends in abundances as a function of orbital parameters. Moreover, no star 
with [Fe/H] < —2.0 was considered for the analysis of the abundance-kinematics correlation 
in the study of Fulbright (2002). Further studies of candidate outer halo stars covering a 
wider metallicity range are needed. 

The aim of this work is thus to obtain detailed chemical abundances of metal-poor halo 
stars selected based on their orbital motions, so that the correlation between the abundance 
ratios and kinematics properties (i.e., if the star belongs to the inner or outer halo) is 
explored. We determine the abundances of elements including Na, a-elements (Mg, Si, Ca, 
Ti), Sc, iron peak elements (Cr, Mn, Ni, Zn) and heavy elements (Y, Ba) for 26 metal-poor 
halo stars. This work is based on high resolution and high signal-to- noise (S/N) ratio spectra 
from the Subaru Telescope as described in Section 2. The determination of atmospheric 
parameters and the procedures of abundance analysis are described in Section 3 and Section 
4, respectively. In addition, the results for the derived elemental abundances and related 
discussion are given in Section 5 and Section 6. The summary is given in the last section. 
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Observations and data reduction 



2.1. Selection of stars 



In order to study the chemical abundances of outer halo stars, we selected candidate 
metal-poor s tars fo r which large values of Z mm have been obtain ed from catalogues of 
Beers et al.l (120001 ). ICarney et al.l (119941 ) and iRyan &: Norrisl (Il99ll ). Orbital parameters, 



i? apo (the maximum radial distances from the Galactic center) and Z max , were calculated 



from r adial velocities, proper motions and distance in the method described in lChiba fc Beers 
( 120001 ) . Although SB02 have studied candidates of outer halo stars, their sample includes 
only a few stars having large Z max . In order to study the high Z max range, we include red 
giant stars in our sample. Our sample also includes three stars that were studied by SB02 
for comparison purposes. 

Based on this selection, high resolution spectra were obtained for 32 stars (see § 2.2 for 
details). However, the S/N ratios are insufficient for six stars among them for the present 
purpose. Hence, the sample of the present work contains 26 stars, among which 16 stars are 
red giants and the others are main-sequence stars. 



Among our sample, BD+04°2466 is reported as a binary member (IJorissen et al.ll2005 I ). 
Carney et al. (2003) reported that BD+01°3070 might be a binary because of its radia l 
velocity variation. G 112-43 also possibly belongs to a binary system (ILatham et al.ll2002l ). 
There is no evidence of binarity for the other stars. 



2.2. High resolution spectroscopy and data reduction 

We obtained high-resolution spectra of our targets using the Subaru Telescope High 
Dispersion Spectrograph (HDS; Noguchi et al. 2002) in February 2003. Table 1 lists the 
objects and details of the observations. The spectra cover the wavelength range from 4100 
to 6800 A with a resolving power of 50,000. The CCD on-chip binning was not applied. 
Therefore, the resolution element is sampled by about six CCD pixels. 

The standard MIDAS routines were used for data reduction, including order identifica- 
tion, wavelength calibration, flat-field correction, background subtraction, and ID spectra 
extraction. The Doppler shift was corrected by measurements for at least 34 moderately 
strong and unblended lines before continuum rectification. The S/N ratios (per 0.9 km s _1 
pixel) of the reduced spectra at 5800 A are presented in Table 1. Examples of a portion of 
spectra are shown in Fig. 1. 
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2.3. Equivalent widths 

Three different methods were used to measure the equivalent widths: fitting of a Gaus- 
sian profile, fitting of a Voigt profile and a direct integration. The Gaussian fitting was 
adopted for weak lines with apparently no or little blending. The Voigt profile fitting is 
applied to strong lines. The direct integration is applied to moderately strong lines which 
can be distinguished clearly from others. The results are presented in Table 2 (electronic 
version) 

The equivalent widths measured by the present work are compared with the results of 
SB02 for the three common stars (Fig. 2). Their spectra were taken with Keck/HIRES, and 
the spectral quality is similar to ours (mean S/N ~ 200, R = 30,000 ~ 60,000). We found 
that the agreement between the two measurements is fairly good. The correlations of the 
two measurements are presented as follows (dashed lines in Fig. 2): 

E.W.s(SB02) G l5 _ 13 = -0.02(±0.31) + 1.029(±0.008) x E.W.s(TW) (mA) 

E.W.s(SB02) G 166-37 = 0.14(±0.77) + 1.002(±0.017) x E.W.s(TW) (mA) 

E.W.s(SB02) G 238 _3o = -0.11(±0.44) + 0.979(±0.022)x E.W.s(TW) (mA) 

The standard deviations of these three relations are 3.0 mA, 4.0 mA and 1.6 mA, 
respectively. 

The unc ertainty of equivalent width measurement is estimated by using the formula of 



Gavrell f]l988h : 

l.SVFWHM^ 

= — ^ — (1) 

where FWHM (in mA) is the full width at the half maximum of a line; S x is the pixel scale 
( mA/pixel), and S/N is the signal-to- noise ratio estimated for the spectral order which 
contains the absorption lines. For instance, the lowest and highest S/N ratios are 80 and 
520 among these spectra, which lead to the errors of 0.6 mA and 0.07 mA, respectively. 
Taking the uncertainty of the continuum rectification into consideration, 3a w is adopted as 
the detection limit of absorbtion lines. We estimated that the errors of equivalent width 
measurements are 0.2 ~ 1.8 mA, depending on the S/N ratio and the strength of lines. 
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3. Stellar atmospheric parameters 



3.1. Determination of effective temperature 

The effective temperature (T e g) is determined by making the abundances of Fe be in- 
dependent of the excitation potential of Fe I lines used in the analysis (see § 4 for details of 
the abundance analysis). An initial value is set in the code to calculate the iron abundances 
from neutral species, and then a slope between loge(Fe I) and the excitation potential is 
determined by least-square fit. This process is iterated until the slope is minimized (Fig. 3). 
The perturbation of T cff is added to change the slope, making the slope of the 
change within la. Finally, the perturbations are taken as the uncertainties of 
T e ff, and they are around 100 K. 

We prefer the spectroscopic method to determine the effective temperature in the present 
work, because this can be applied to all objects in the sample, and many clean Fe I lines are 
available in our high S/N spectra. 

The estimate of T e g by profile fitting for Balmer lines is not adopted. This technique is 
sensitive to the continuum determination for the echelle order containing broad absorption 
features of Balmer lines. Moreover, for giant stars, the Balmer line profiles are not very 
sensitive to the effective temperature. 

The estimate of T eS from color indices (e.g. V — K) is not adopted to derive the final 
results in the present work, because photometry data for our sample are incomplete, and 
the T e ff estimate is sensitive to the interstellar reddening. The error of T e g determined from 
V — K due to the uncertainty of reddening is estimated to be as large as 100 K. Although 
such uncertainty exists in the method, we estimate T e g from color indices for stars for which 
photometry d ata a re available for comp arison purpos es. The T e g scale for dwarfs from 



Alonso et al.l (119961 ) and for giants from lAlonso et al.l (119991 ) are adopted, and the colors 
of the stars were ta ken from the 2MASS catalogue for near- infrared photo metry and the 



Hippa rcos catalogue (jPerryman et al.lll997l ) for optical one. The dust maps of ISchlegel et al. 



(119981 ) are employed to estimate the reddening values. The E(B— V) values a re corrected 



taking into account the finite distance to a star, by using the method described in lBeers et al. 

(hoooh . 



Since the J ohnson system and t he Te lescope Carlo Sanchez system (TCS) were adopted 



in the work of lAlonso et al. (1996 



1999), the JHK indices from 2MASS are transformed 



through the relations of iRamirez fe Melenclezl (120041 ): 



Jtcs = ^mass + 0.001 - 0.049( J - K) 2M ass 



(2) 
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#tcs = # 2 mass - 0.018 + 0.003( J - K) 2MASS (3) 
K TCS = K 2MASS - 0.014 + 0.034( J - K) 2MASS (4) 

Comparisons of T e g derived from the color indices (hereafter CI, the average value 
derived from T^f K ,T^~ H and T^ K ) with those from the spectroscopic analysis (hereafter 
SA) are listed in Table 3, and are shown in Fig. 4. The average and standard deviation of 
the difference is: < — Tj^ >= 54 and a = 99. The difference is also given by linear 
least-square fit: T^ 1 = 20 + 1.01 x T e | A 

These comparisons indicate that the effective temperatures estimated from color indices 
for our sample are in fairly good agreement with those determined by the spectroscopic 
method in general. 



3.2. Determination of other parameters 

Surface gravity, logg is determined by forcing Fe I and Fe II to give the same iron 
abundance. In addition, Ti ionization equilibrium is also used to check the final results. 
Although this method is affected by non-LTE effects and uncertainties of atomic data, no 
other method provides reliable gravity for the whole sample. The uncertainties of Hipparcos 
parallaxes are larger than 40% for a half of our sample stars. The gravity is not well deter- 



mined from Y2 isochrone for giants (ICohen et al.l 120021 ). Therefore, ionization equilibrium 



of iron is used in the present analysis. In order to estimate the uncertainty of the 
logg determination, we calculate the log g value that results in 0.1 dex discrep- 
ancy in Fe abundances from Fe I and Fe II. The typical error in log g derived 
by this calculation is 0.32 dex. We note that the typical Fe abundance error 
(random error) is 0.05 dex (§4.2), so the above estimate of the log g error is 
rather conservative. 



Metallicity. The solar abundance of loge(Fe) = 7.51 (lAnders & Grevessd Il989l ) is 
adopted to get the [Fe/H] and [X/Fe] values. 

Micro-turbulent velocity. £t is also determined from the abundance analysis. The abun- 
dances are derived from individual Fe I lines whose equivalent widths are in the range of 10 ~ 
100 mA by changing the £ t value until these abundances are independent of their equivalent 
widths (Fig. 3). With same method described in §3.1, the error of £ t is estimated. 
Typically, the error is 0.3 dex. The determination of stellar parameters including T e s is 
iterated until a consistent parameter set is obtained. The parameters of our sample deter- 
mined by the above method are listed in Table 4. As an example, the Fe abundances derived 
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from individual Fe I lines are plotted as functions of excitation potential, equivalent width, 
and wavelength for HD 108577 in Fig. 3. 



4. Elemental abundance analysis 



The grid of the flux constant, homogeneous, LTE model atmosp heres by Kurucz (1993) 
in which convection of overshoot approximation ( Castelli et al.lll997l ) is considered is used in 



our abundance analysis. Abundance is calculated with the program ABONTEST8, developed 
by Dr. Pierre Magain at Liege, Belgium, by requiring the calculated equivalent width to agree 
with the observed value. Natural broadening, thermal broadening, van der Waals damping, 
and macro-turbulent velocity are all included in the calculation. The mean abundance of 
each element is derived from all avai l able l ines by giving equal weight to each line. The solar 
compositions of lAnders fe Grevessd (119891 ) were adopted to derive relative abundances. 



4.1. Atomic data 



The atomi c line data for Na, Mg, Si, Ca, Ti, Cr, Fe, Ni, Y and Ba are adopted from 



Stephens! ( 119991 ) and SB02. The references for i ndividual lines ar e given i n their papers. The 
log q f values of Sc, Mn and Zn a re taken from lLawler fe Dakinl (119891 ). iBooth et al.l (119841 ) 
and lBiemont fe Godefroidl (119801 ). respectively. 



Absorption lines of Sc, Mn and Ba are known to be influenced by the hyperfme splitting 
(HFS). The splitting effect of these elements on abundance determination is largest for strong 
lines in which individual components are partially saturated. The HFS effect is smaller in 
weak lines and fully satura ted lines. Our analysis includes the HFS effects using the line 
data of Sc II and Mn I from iMc William et al.l (119951 ). and references therein. The HFS data 
of Ba II are taken from lMcWilliaml ~( 1998l ) assuming the solar system isotopic mix given by 



Sneden et all (11999 ) . 



4.2. Estimation of uncertainties 

We estimate the uncertainties in the abundance determination for the two sources. One 
is the uncertainties in the analysis of individual lines, including random errors of equiva- 
lent widths, oscillator strengths, and damping constants; the other is the error due to the 
uncertainties of atmospheric parameters. 
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4-2.1. Errors from internal uncertainties 

The typical uncertainty in the equivalent width measurement is about 0.6 mA as men- 
tioned in §2.3. This results in an error of about 0.04 dex in the elemental abundance cal- 
culation from an unblended, moderately strong line. The scatter of the abundance results 
from individual lines gives another estimate of the uncertainty from equivalent widths and 
other factors. The error is estimated by dividing the standard deviation of the derived abun- 
dances from individual lines by a square root of the number of lines used (iVa). The error is 
negligible when the number of lines used in the analysis is large. For instance, the standard 
deviation (er) of the abundance results from 95 Fe I lines of G 112-43 is 0.06 dex, which is 
comparable with the estimate from equivalent width errors, and the random error (a ■ 
is 0.006 dex. For elements for which only a small number of lines are available (e.g. Mg, Si), 
the a of Fe I (typically 0.05 dex) is adopted in stead of the a of those species. 

4-2.2. Errors from the uncertainties of atmospheric parameters 

From the discussion of §3.1, the error of T e g is estimated to be on the order of 100 K. 
Considering uncertainties in Fe line analysis, the uncertainties of log<? and micro-turbulent 
velocity are estimated to be 0.3 dex and 0.3 km-s" 1 , respectively. These values are equiv- 
alent to the average error of the parameters. The abundance changes by the changes 
of atmospheric parameters are listed in Table 5 for two stars in our sample: G 166-37 (main 
sequence) and HD 175305 (giant). We note that the abundance ratios of most elements 
([X/Fe] values) are relatively insensitive to variations of stellar parameters. 

Finally, the abundance uncertainties is estimated by summing the atmo- 
spheric and internal uncertainties in quadrature. 

4.3. Comparisons with an independent analysis 

For our dataset, an independent abundance analysis is made by one of the authors 
(M.I.) using a different model atmospheres and an abundance analysis code, in order to 
demonstrate the reliability of the final results. Comparisons of the atmospheric parameters 
and chemical abundances between the two analyses are presented in Table 6, Table 7 and 
Fig. 5. 

For the independent analysis (SA II), the data reduction is made using the standard 
IRAF routines. Equivalent widths are measured fitting Gaussian profiles to clean absorption 
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lines. The agreement of the equivalent widths between the two measurements is excellent; 
the root mean square (RMS) of the differences is 2.3±0.1 mA on average. Stellar atmospheric 
parameters and abundance analysis were inde pendently performed with an LTE abundance 



analysis code described in lAoki et al.l (j2009al ) using the model atmosphere grid of Kurucz 



(1993) calculated with NEWODF assuming no convective overshooting (Castelli & Kurucz 
2003). The HFS effects are taken into account in the estimate of Ba abundances. Effective 
temperatures, surface gravities, micro-turbulent velocities, and [Fe/H] are calculated with 
iterative process, as described in § 3. The resulting values of the atmospheric parameters 
reasonably agree each other: 

T e SAn = 53 + 0.99 x T e SA 

log# SAI1 = -0.19 + 1.02 x log# SA 

[Fe/H] SAn = 0.01 + 1.02 x [Fe/H] SA 

f saii = _ .o2 + 1.07 x £ SA 

The chemical abundance ratios determined by the two independent analysis agree within 
~0.1 dex. We note that the [Fe/H] values derived by the second analysis are systematically 
lower by about 0.05 dex. This small difference can be explained by the difference of the 
model atmosphere grid. The Kurucz's models assuming no overshooting are systematically 
cooler than those assuming overshooting, resulting in lower Fe abundances. 



4.4. Comparison with previous work 

The three common stars G 15-13, G 166-37 and G 238-30 in SB02, whose parameters 
were derived by the same analysis method as ours, are used for comparisons. Comparisons 
of atmospheric parameters are given in Table 8. 

Comparisons of the abundance results derived by our analysis with those of SB02 are 
presented in Table 9 (the first three lines) for the three stars in common. The agreement 
between the two studies is fairly good in general. The [Fe/H] of G 238-30 derived in the 
present work is 0.16 dex higher than that of SB02. This is partially because we adopt 100 K 
higher T e fj in the analysis. It can result in a 0.08 dex difference. G 238-30 is most metal- 
deficient in our sample, and the number of iron lines used in the parameter determination is 
the smallest. It causes a error of 0.02 dex. Besides, because of the relatively low S/N 
ratio and the weak iron lines of this star, the uncertainty of equivalent width 
is ~ 2 mA, which can lead to the error of ~ 0.05 dex. These could be the main 
reasons for the comparatively large discrepancy in T e g and [Fe/H] between the two studies. 
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The [Na/Fe] of G 15-13 and G 166-37 derived by our analysis is higher than those of SB02. 
The primary reason for this discrepancy might be the difference of equivalent widths. Our 
calculation shows that the derived Na abundance increases by 0.07 dex for the increase of 
equivalent widths by 1 mA. For G 15-13, our equivalent widths of Na I AA5682 and 5688 are 
0.5 ~ 2.6 mA higher than those in SB02, while, for G 116-37, the value of Na I 5682 is 2.4 
mA larger and that of 5688 is 0.7 mA smaller than those in SB02. Such differences at least 
partially explain the differences of the Na abundances between the two studies for the two 
stars. The effects of equivalent width errors are significant, because of the weakness of the 
Na lines, compared with the lines of other elements. The situation is similar for [Ti/Fe] 
of G 238-30. 

In order to confirm the consistency of the abundance analysis technique with model 
atmospheres, we determined stellar parameters and abundances using the equivalent widths 
presented in the paper of SB02 for three stars having intermediate metallicity (G 5-19, 
G 9-36 and G 215-47). The comparisons of the results are given in Table 9 (the middle 
three lines). Our re-analysis well reproduces the results of SB02, confirming the consistency 
between the two analyses. A small systematic difference in [Mg/Fe] between the two works 
is found, that is, our results are systematically lower by 0.04 ~ 0.11 dex than those in SB02. 

Finally, the analysis for the same stellar parameters adopting the equivalent widths 
of SB02 are attempted, and the results are compared with those of SB02 in Table 9 (the 
bottom three lines). The agreement is excellent, confirming the consistency of the abundance 
analysis code between the two studies. 

5. Chemical abundance results 

The derived abundances by the present analysis are summarized in Table 10 - 14. We 
show the abundance ratios of elements with respect to Fe as a function of metallicity in Fig. 
6. 



5.1. ^-elements 

In our analysis, abundances of a-elements are measured from 3 lines of magnesium, 3 
lines of silicon, 23 lines of calcium, and 33 lines of titanium for most stars. 

The average value and standard deviation of abundance ratios for each element are as 
follows: [Mg/Fe] = +0.31±0.15 dex (25 stars), [Si/Fe] = +0.36±0.17 dex (20 stars), [Ca/Fe] 
= +0.29±0.15 dex (26 stars) and [Ti/Fe] = +0.27±0.13 dex (26 stars). The average of these 
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abundance ratios for the four elements (<[a/Fe]>) derived from our sample is +0.30±0.08 
for giants and +0.29±0.13 for dwarfs. The behaviors of magnesium, silicon and calcium 
are similar: an increasing trend of their relative abundance with decreasing metallicity can 
be seen in Fig. 6, while the average abundance ratio of Ti is lower than those of other 
three elements (see bottom panel of Fig. 7). A possible interpretation is that Ti is formed 
during complete and incomplete silico n burning while Si and Ca are produced by incomplete 
explosive silicon and oxygen burning (jCayrel et al.ll2004l ). 



In Fig. 7, we show our results for the four a-elements along with previous abundance 
studies (SB02; Gratton et al. 2003). Most of the previous studies for metal-poor stars that 
are mainly belonging to the inner halo c o nclud ed that [a/Fe] is constant for [Fe/H] < — 1. 



Rvan et all (11999 ) showed that [a/Fe] ~ +0.4 dex for [Fe/H] 



McWilliam et all (I1995T) and 

< —2, while iGratton et al.l (119971 ) gave a mean [a/Fe] (+0.26±0.08) for most halo stars 



through self-consistent analysis of 100 metal-poor ([Fe/H] < —0.5) dwarfs. On the other 
hand, our results of [a/Fe] values show a slope for [Fe/H] < —1, as found by SB02. The 
slope of [a/Fe] versus [Fe/H] found in our analysis is —0.14, which is similar to the value 
found by SB02 (—0.15) for 55 metal-poor halo stars. The dependence of chemical abundance 
trend on the kinematics properties is discussed in § 6. 



5.2. Light odd-Z elements 

5.2.1. Sodium 

For stars with metallicities of [Fe/H] > —2.5, four lines at AA5682, 5688, 6154 and 6160 
were used for sodium abundance determination. The deviations from LTE formation for 



these lines are less than 0.1 dex (iBaumiiller et al.l 119981 ). which is smaller than the typical 
errors in our analysis (0.1 dex). Hence, the non-LTE effects on these lines can be neglected. 
However, for some extremely metal-poor stars in our sample, these lines are too weak to 
be detected. Therefore, resonance lines at AA5890 and 5896 were included to compute 
the sodium abundances for stars wit h [Fe/H] < —2.5. Non- LTE effects of these two lines in 
metal-poor dwarfs cannot be ignored (jBaumiiller et al.lll998l ). The abun dance values derived 
by re sonance lines are corrected by the estimate of non-LTE effects by iGehren et al.l ( 120041 . 
2006h . 



Gehren et al.l (120061 ) analyzed sodium abundances with non-LTE correction for 55 metal- 



poor dwarf stars. In the upper panel of Fig. 8, our results are compared with those in their 
study. For dwarfs the two sets of results agree well, while the [Na/Fe]NLTE values of giants 
in our sample are ~ 0.35 dex larger than in dwarfs in —2.7 < [Fe/H] < —1.7. In several 
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giants, the initial sodium abundance may be changed because of the products of the Ne-Na 
cycle from deeper layers being dredged to the surfaces (lAndrievsky et al.ll2007l ); The [Na/Fe] 
in some giants might be explained by this effect, although a small systematic errors in the 
[Na/Fe] ratios for giants and dwarfs are not excluded. 



5.2.2. Scandium 



In Fig. 6, the average of [Sc/Fe] ratios of dwarfs is greater than the solar abundance 
ratio, while for giants there is a slowly decreasing trend with decreasing metallicity with a 
scatter of 0.14 dex. In the bottom panel of Fig. 8, our results are compared with those in 
Zhao fc Magainl (jl990l ). They studied 20 metal-poor dwarfs, and found the overabundance 
of scandium relative to iron. A weak decreasing trend with decreasing metallicity for [Sc/Fe] 
of giants is noticed. The [Sc/Fe] of dwarfs are statistically 0.15 dex larger than that of 
giants in the similar m etallicity range, mostly because of the high [Sc/Fe] v alues derived by 



Zhao fc Magainl (119901 ) . Similar conclusion was also reported very recently by lBonifacio et al. 
(l2009h . 



5.3. Iron peak elements 



Abundances of four iron-peak elements, Cr, Mn, Ni and Zn, were determined in our 
present paper. 

The results of [Cr/Fe] derived from neutral lines in our analysis show a decreasing 
trend with decreasing meta llicity for giants. This confirms the results of previous stud- 



ies for low-met allicit y stars (IMc William et al.lll995t iGratton et al.ll2003l ; ICayrel et ajj[2004j ; 
Barklem et al.ll2005l ). Our results are shown with the previous work in the upper panel of 
Fig. 9. In Fig. 10, Cr abundances from Cr II lines and logarithic abundance difference of 
Cr from Cr II and Cr I lines ([Cr n/Cr j]) are plotted as functions of [Fe/H]. The decreas- 
ing abundance ratio of Cr with decreasing [Fe/H] is not found in [Cr/Fe] n- The average 
[Cr n/Cr i] is 0.32 dex for giants a nd 0.28 dex for dw arfs. Similar offset between neutral 
and ionize Cr was also reported in lLai et al.l (120081 ) . ISobeck et al.l (120071 ) suggested that 
this discrepancy may be due to NLTE effects. Besi des, the decreasing t rend found for Cr 
in giants is no t seen in dwarfs studi ed by SB02 and IGratton et al.l (120031 ). Such a result is 
also found by lLai et al.l (120081) and iBonifacio et al.l (120091 ). Possible explanations for this 
discrepancy were discussed by lLai et al.l (120081 ). and is not repeated here. 



Our [Mn/Fe] presents a plateau at -0.44 dex in —2.5 < [Fe/H] < —1. In the second 
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panel of Fig. 9, combining with the halo dwarf samples of iGratton et al.l (120031 ). a ~ 0.16 dex 
systematic difference of [Mn/Fe] between dwarfs and giants in the metallicity range of —2 < 
[Fe/H] < — 1 is noticed. Althou gh we lack of enough data for lower metallicity range ([Fe/H] 
< —3), iBonifacio et al.l (120091 ) presented that such phenomena are also found in extreme 
metal-poor stars. They also suggested that the discrepancy of these two elements between 
giants and dwarfs may be reduced if 3D models are adopted. 

The Ni abundance ratios shown in Fig. 6 are approximately constant around the solar 
value. <[Ni/Fe]> = — 0.06±0.08 dex. This result agrees well with the st udy of Stephens! 
Jl999[) (<[Ni/Fe]> = -0.09±0.07) and SB02 (<[Ni/Fe]> = -0.06±0.20). iTsuiimoto et al.l 



(119951 ) mentioned that [Ni/Fe] yields in the mass-averaged SNe II are roughly consistent with 



solar abundance ratios. 

Several previous works conclude that [Zn/Fe] ~ for -2.5 < [Fe/H] < 0, while at a lower 



meta l licity, the ratio increase s with declining of [Fe/H ] (ICavrel et al. 120041; iBarklem et al. 



20051 ; lUmeda fc Nomotoll2005l ). In the comparison with lBarklem et al.l (120051 ) in the bottom 
panel of Fig. 9, we found that these features are not clear in our sample because of the 
existence of low [Zn/Fe] stars in [Fe/H] < —2.5. Moreover, the [Zn/Fe] of our sample is lower 
than other stars studied by previous work in general. This suggests the low Zn abundance 
in outer halo stars. This possibility is discussed in §6 in more detail. 



5.4. Neutron capture elements 

The last two panels of Fig. 6 show the abundance ratios [Y/Fe] and [Ba/Fe] as a function 
of [Fe/H]. Comparisons with previous works are presented in Fig. 11. Ba is also chosen as 
the reference element to investigate the [Y/Ba] (Fig. 12). 

[Y/Fe] and [Ba/Fe] of BD+04°2466 are obviously higher than other stars. We estimated 
the carbon abundance of this star as [C/Fe] = 1.21 dex. As mentioned in §2.3, this star is 
believed to belong to a binary system because of its radial velocity varia tion. Thus, this st ar 



would have obtained s-process-rich material from an AGB companion (IBusso et al.l 1200 ll ). 



Both [Y/Fe] and [Ba/Fe] increase with increasing [Fe/H] in the lower metallicity range 
([Fe/H] < —2), while the ratios are approximately constant ([Y/Ba] ~ 0) at the higher 
metallicity. At lower metallicity, [Y/Ba] increases with decreasing [Fe/H] or [Ba/H]. The 
behaviors of Y and Ba are similar for [Fe/H] > —2. By contrast, no object having high [Y/Fe] 
or [Ba/Fe] is found in our sample in [Fe/H] < —2. Such under- abundance of neutron-capture 
elements in the low metallicity range is possibly a chemical property of outer halo stars. 
However, given the small number of stars studied here, we cannot derive any conclusion. 
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The bottom panel of Fig. 12 shows the [Y/Ba] as a function of [Ba/H]. This can be 
divided into two parts: near solar a bundance for [ Ba/H] > — 2.5 and increasing of [Y/Ba] with 
barium decreasing at lower [Ba/H]. iHonda et al.l (12004 ) and lAoki et al.l (120051 ) discussed that 
the "weak r-process" which contributes only to the light neutron-capture elements affects 
most stars with [Fe/H] > —3.5. The feature in Fig. 12 indicates that the stars with [Ba/H] 
< —2.5 (—3.25 < [Fe/H] < —2.25) in our sample have been significantly affected by this 
process. 



5.5. Magnesium as the metallicity indicator 



Although the Fe abundance is adopted as the metallicity indicator in the above dis- 
cussion as usual, the Mg abundance may provide better estimate of metallicity, because 
that is produced by hydrostatic burning processes in massi ve stars, while Fe production is 
sens itive to the supern ova processes yet understood well. IShigeyama fe Tsujimotol (119981 ) 
and ICayrel et al.l (120041 ) also recommended that choosing this element as metallicity tracer. 
Thus, the abundances of odd-Z elements and a-elements relative to magnesium vs. [Mg/H] 
are plotted in Fig. 13. It is clear that the behavior of Ti is different from other a-elements 
(Fig. 13). The reason is discussed in §5.1. 

In the first plot of Fig. 13, we notice that a relatively large scatter in [Na/Mg] is 
seen in giants which are in the metallicity range of [Mg/H] < —1.5, while the correlation of 
[Na/Mg] vs. [Mg/H] is tighter in the higher metallicity range ([Mg/H] > —1.5). As discussed 
in §5.2.1, some giants with large sodium abundances enhanced by dredging process cause 
higher [Na/Mg] and, consequently, result in large scatter of [Na/Mg] at lower [Mg/H]. 

A strong metallicity dependence of abundance ratios of the odd-Z elements (Na, Sc) 
is seen in Fig. 13. The production of Na is thought to be controlled by the neutron flux 
which depends on the metallicity of the SN. Therefore, a statistic increase of [Na/Mg] with 
i ncreasing [Mg/H] is expe cted. Besides, Sc is a product of explosive oxygen and neon burning 
( iWoosley fe Weaverlll995l ). the enhanced mechanism of the Sc i s thought to be the surp lus of 
neutrons in 22 Ne which is formed from 14 N by the CNO circle (IKobayashi et al.l 120061 ) . The 
low abundance ratios of Sc in low [Mg/H] is the result of small amount of CNO elements. 



6. Discussion 



As mentioned in §5.1, the [a/Fe] vs. [Fe/H] diagram obtained for our sample stars 
presents a finite slope, namely, decreasing [a/Fe] with increasing [Fe/H] (Fig. 6). A similar 
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trend was also reported by SB02, who studied candidate outer-halo stars. Fi g. 7 shows the 



abund ance ratios of a-elements for our sample and that of SB02 as well as of iGratton et al. 



(120031 ). The stars of the present work and of SB02 show the decreasing trend and the presence 



of a large scat t er in the [a/Fe] ratios at [Fe/H]> —2, compared with the objects studied by 



Gratton et al.1 (120031 ). most of which are inner halo stars. Thus, although the [a/Fe] ratios 
(in particular [Mg/Fe]) of the halo sample, usually dominated by the inner halo population, 
have been conventionally regarded to be constant, this is not the case for the outer halo 
stars. 

Our measurements also suggest that the [Zn/Fe] ratios of our sample are systematically 
lower than other halo stars previously studied. This element was not studied by SB02. Most 
of our objects with —2 <[Fe/H]< —1 have sub-solar [Zn/Fe] values, while the bulk of halo 
stars previously studied (most of them would belong to the inner halo) have [Zn/Fe] ~ 0. 
The three most metal-poor stars ([Fe/H]< —2.5) in our sample have [Zn/Fe]~ 0, lower than 
the trend found for other stars in this metallicity range previously. 

We here investigate a possible correlation between abundance ratios and orbital param- 
eters of our current sample stars. Figures 14 and 15 show the abundance ratios for Mg, Si, 
Ca and Zn as functions of Z max and -R apo , respectively. In these plots, small and large marks 
correspond to [Fe/H]< —2 and > —2, respectively. As is evident, no clear trend of [X/Fe] 
against the orbital parameters is found for the three a elements. For [Fe/H]< —2 the [a/Fe] 
ratios remain larger than those for [Fe/H]> —2 and a star with highest [a/Fe] is located 
at large Z max or R apo . This suggests that metal-poor, outer halo stars with [Fe/H]< —2 
are largely enriched by SNe II, without any dependence on their orbital parameters. Also 
the outer halo stars with [Fe/H]> —2 show roughly constant [a/Fe] ratios with increasing 
■^rnax or -R apo . We note that HD 134439 having the lowest [a/Fe] has low Z max , but has very 
high -R ap o, and is classified into the outer halo. In contrast to [a/Fe], one may find a weak 
decreasing trend of [Zn/Fe] with increasing Z max and R apo . However, the sample size is yet 
too small to derive any definitive conclusion for this trend. 

These results indicate that, among our sample stars which reside in the outer halo com- 
ponent, there is no significant dependence of chemical abundances on kinematical parameters 
within this population. There is a signature of some systematic, chemical difference between 
the inner and outer halo: smaller [a/Fe] with large scatters at [Fe/H]> —2 (Fig. 7) and 
smaller [Zn/Fe] at [Fe/H]< —2 (Fig. 9) for the outer halo than the inner one. However, in 
order to set tighter constraints on these chemical trends, a much larger sample of both inner 
and outer halo stars is clearly required. 

The decreasing trend of [a/Fe] with increasing metallicity found for the outer halo stars 
recalls the chemical nature of dwarf spheroidal galaxies (dSphs) around the Galaxy (e.g., 
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Shetrone et al. 2001, 2003). lLanfranchi fe Matteuccil (12004 ) studied abundance ratios of six 
dSph galaxies, and predicted a plateau for lower metallicity range ([Fe/H] < —1.8) and a 
sudden decrease for [Fe/H] > —1.8 in the relationship between [a/Fe] and [Fe/H]. The pro- 
duction of a elements are mainly from SNe II explosions in a short time scale while Fe can 
be from SNe la and SNe II. The sharp decline of [a/Fe] implies in tense galactic winds and 
contr ibutions of SNe la to Fe from [Fe/H]~ —1.8 in dSph galaxies (lLanfranchi fe Matteucci 
20041 ). If a merging and collision of certain dSph galaxies happened before significant contri- 
butions of SNe l a, it should resu l t in n ormal [a/Fe] in outer halo of the Galaxy. Indeed, in 
the simulation of I Johnston et al.1 (120081 ). they suggested that a-rich stars in outer halo may 
come from dSph galaxies by merging at early epoch. On the other hand, mergers of dSph 
galaxies at later times would result in low [a/Fe] stars in the outer halo. 

The lower [Zn/Fe] values were also reported for stars belonging to the nearby dSph 
studied by Shetrone et al. (2001, 2003). Among their sample, majority of dSphs stars 
having metallicity of —2 <[Fe/H]< —1 show [Zn/Fe]< similar to our sample of outer halo 
stars. For the more metal-poor stars ([Fe/H]< —2) in our sample, [Zn/Fe] approximately 
follow the solar value as discussed in Section 5.3, except for one star showing [Zn/Fe] > 0.4. 
This behavior is similar to metal-poor stars in the ultra-faint dwarf spheroidal galaxies 
studied in Frebel et al. (2009). However, the sample size of stars in dwarf galaxies for which 
the Zn abundance is studied is too small to derive any conclusion. Further measurements 
of Zn abundances for dwarf galaxy stars as well as for outer halo objects would be a key 
to understanding the contributing of massive progenitors to the metal-enrichment in these 
systems. 

We also remark that the [Mn/Fe] ratios of the outer halos stars having an approximately 
constant value of ~ —0.4 dex agree well with those obtained for dSph stars (e.g., Shetrone et 
al. 2001, 2003). Thus, combined with the properties of [a/Fe] and [Zn/Fe] ratios discussed 
above, it is consistent with the hypothesis that the outer halo is largely made up with late 
merging/ accretion of dSphs which are similar to those currently observed. 



In the analysis of iRoedererl (120091 ). a large spread (0.5 — 0.7 dex) in [Ni/Fe] 
for the outer halo stars was noticed. However, in our sample, the scatter of 
[Ni/Fe] of outer halo stars is 0.05 dex, whi ch is similar to t hat of our inner halo 
ones (0.06 dex). The abundance ratios of IRoedererl ( 120091 ) were collected from 
different sources, therefore, the large scatter in his analysis is partially caused by 
different spectral qualities, different methods of stellar parameter determination 
and different structure of model atmospheres. Our consistency results do not 
support the claim about the difference of the abundance scatter between the 
inner and outer halo populations. Thus, a sample with larger size and from 
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single source is needed to probe whether Ni can be taken as another indicator 
for chemical inhomogeneity between inner and outer halo populations. 



7. Summary 

Elemental abundances and kinematics of 26 metal-poor halo stars in —3.5 < [Fe/H] 
< — 1.0 were studied with high-resolution and high signal-to- noise ratio spectra taken from 
Subaru/HDS. Most objects have large values of Z max and/or -R apo , indicating their outer 
halo population. 

1. The a-elements (Mg, Si, Ca, Ti) to iron ratios are overabundant relative to the solar 
values, and increase with decreasing [Fe/H]. From the investigation of [a/Fe] with kinematics, 
it is concluded that the slope of [a/Fe] vs. [Fe/H] is caused by outer halo stars. This result 
bears a resemblance to the abundance trend of a-elements found in dSph galaxies around 
the Milky Way, suggesting contributions of mergers of dSph galaxies at later times to the 
formation of the outer halo structure. 

2. There exist low [Zn/Fe] stars in the very low metallicity range, which is different 
from the trend of Zn abundances found by previous studies, but is rather similar to those of 
ultra-faint dwarf galaxies. A weak slope is displayed in the plots of [Zn/Fe] against kinematic 
parameters. These signatures should be confirmed by future work based on a larger sample. 

3. The neutron-capture elements Y and Ba are under- abundant, following the trend 
found for the bulk of field halo stars. No neutron-capture enhanced object was found in 
our sample, and that is a possible property of outer halo stars, though studies for a larger 
sample is also needed. Increasing Y with decreasing Ba in lower [Ba/H] indicates that the 
stars with lower [Fe/H] and [Ba/H] in our sample have experienced the "weak r-process". 

4. Discrepancies of elemental abundances by the order of 0.15 dex between giant and 
dwarf sta rs are found for Sc, Cr and Mn. Our results support the recent study for these ele- 



ments by lBonifacio et al.l (120091 ). though the reasons for these discrepancies are still unclear. 
A discrepancy of 0.35 dex between giants and dwarfs is found for [Na/Fe] in [Fe/H]< —2 
even after non-LTE corrections, possibly reflecting abundance variations in several giants 
from their original composition. 
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Fig. I.— Examples of spectra obtained with Subaru/HDS for HD 175305 (T eff = 5035, log^ 
= 2.84, [Fe/H] = -1.35) with S/N ~ 568, HD 108577 (T cfr = 4800, log^ = 1.13, [Fe/H] = 
-2.37) with S/N ~ 270 and G 238-30 (T cff = 5490, log^ = 3.57, [Fe/H] = -3.44) with S/N 
~ 130. 
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Fig. 2. — Comparison of the equivalent widths measured in this work with those of SB02. 
In all cases the solid line represents a one-to-one correlation and the dotted line represents 
a linear fit of the data. 
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Fig. 3. — Fe I abundances derived from individual Fe I lines for HD 108577 as functions 
of excitation potential (E.P.), equivalent width (E.W.), and wavelength. The dashed line 
represents the mean value of iron abundance. The parameters are T eff = 4800K, log g = 
1.13, [Fe/H] = -2.37, &= 1.8 km-s -1 . 
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Fig. 4. — Comparison of T cS adopted finally (SA) vs. those derived by color indices (CI). 
The solid line represents a one-to-one correlation while the dashed line represents a linear fit 
of the data. Filled circles represent dwarfs while open ones mean giants. 
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Fig. 5. — Comparison of atmospheric parameters adopted finally (SA) with those derived by 
an independent analysis (SA II; see text). The solid line represents a one-to-one correlation 
while the dashed line represents a linear fit of the data. The symbols are the same as in Fig. 
4. 
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Fig. 6. — Plots of the elemental abundance ratios against metallicity. The symbols are the 
same as in Fig. 4. 
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Fig. 7. — A plot of our observed [a/Fe] values (circles, same as Fig. 4) and previous 
abundance studies. The cros ses represent the resu lts of SB02, while filled triangles mean the 
results of halo samples from lGratton et al.l (120031 ). 
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Fig. 8. — Same as Fig. 7, but for [Na/Fe] and [Sc/Fe]. Filled squares are d warfs from 
Gehren et al.l (120061 ) , and filled diamonds are dwarfs from IZhao fc Magainl (11990l ) . 
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Fig. 9. — Same as Fig. 7, but for Fe-peak elements. Pluses represent the results of 
Barklem et aD (hoOfih . 
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Fig. 10. — Cr abundance derived from Cr I and Cr II ([Cr/Fe] n) against with [Fe/H], alonj 
with [Cr Il/Cr I]. The symbols are the same as in Fig. 4. 




Fig. 11. — S ame as Fig. 7, b ut for [Y/Fe] and [Ba/Fe]. Small open triangles represent the 
results from iFulbrightl (120001 ) . 
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Fig. 12. — A plot of [Y/Ba] vs. [Fe/H] and [Ba/H]. The symbols are the same as in Fig. 4. 
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Fig. 13.— Same as Fig. 6, but for [(Na, Si, Ca, Sc, Ti)/Mg] vs. [Mg/H]. 
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Fig. 14. — Plots of [a/Fe] and [Zn/Fe] against the logarithm of Z max . The symbols are the 
same as in Fig. 4. The black star is HD 134439 which has low Z max , but it is classified into 
the outer halo because of its very high i? apo . Besides, the large circle means the stars with 
[Fe/H] > —2, while small ones are those with [Fe/H] < —2. 
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Fig. 15. — Plots of [a/Fe] and [Zn/Fe] against the logarithm of R apo - The symbols are the 
same as in Fig. 14. 
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Table 1. Log of the Subaru/HDS 



Code 


l\Tn in f> 

1 1 cXlllt. 




RA 


DEC 


V 


Wo/ Hi" 


Exp. 


AT , , b 
1 ' photon 


u raa 


R 

1 lapo 








(J2000) 


I ]2000"l 

y -J £i W \J W J 






Is 




[km-s^ 1 ] 






1 


BD+04° 2466 


11 


26 49.20 


+03 51 52.2 


10.53 


-1.88 


1200 


30511 


37.1 


54.26 


31.20 


2 


BD+01° 3070 


15 


22 40.08 


+01 15 52.9 


10.06 


-1.85 


900 


35921 


-327.4 


67.32 


17.19 


3 


BD+09° 2870 


14 


16 29.98 


+08 27 52.9 


9.40 


-2.39 


900 


40356 


-119.7 


36.62 


6.48 


4 


BD+10° 2495 


12 


59 19.96 


+09 14 35.4 


9.72 


-1.83 


600 


36539 


251.5 


21.49 


17.30 


5 


BD+12° 2547 


13 


04 06.59 


+11 26 16.3 


9.92 


-2.07 


900 


23928 


6.6 


28.79 


8.09 


6 


BD+29° 2356 


13 


01 52.42 


+29 11 17.8 


11.50 


-1.06 


3600 


20992 


-207.3 


10.06 


7.19 


7 


BD+30° 2611 


15 


06 53.82 


+30 00 37.0 


9.13 


-1.32 


600 


64797 


-280.4 


19.98 


16.98 


8 


HD 33771 


05 


10 49.56 


-37 49 02.9 


9.45 


-1.93 


1500 


29398 


-12.8 


10.97 


11.67 


9 


HD 85773 


09 


53 39.25 


-22 50 08.2 


9.42 


-2.27 


1200 


38485 


148.2 


8.97 


6.59 


10 


HD 107752 


12 


22 52.75 


+11 36 25.8 


10.01 


-2.74 


1200 


42834 


220.4 


14.29 


5.11 


11 


HD 108577 


12 


28 16.91 


+12 20 41.5 


9.57 


-2.56 


600 


38485 


-111.0 


11.15 


10.67 


12 


HD 119516 


13 


43 26.76 


+15 34 31.2 


9.05 


-2.49 


600 


51786 


-284.5 


20.86 


16.78 


13 


HD 124358 


11 


13 21.38 


-12 09 23.9 


9.50 


-1.98 


600 


38284 


324.7 


27.77 


21.12 


14 


HD 128279 


14 


36 48.47 


-29 06 43.6 


8.02 


-2.20 


300 


55752 


-75.1 


13.04 


10.24 


15 


HD 175305 


18 


47 05.73 


+74 43 30.8 


7.18 


-1.45 


300 


165037 


-184.0 


20.56 


17.67 


16 


HD 237846 


09 


52 38.68 


+57 54 58.7 


9.93 


-2.63 


1200 


23208 


-303.1 


20.24 


14.49 


17 


HD 134439 


15 


10 13.09 


-16 22 45.4 


9.09 


-1.57 


600 


63772 


310.4 


50.08 


5.01 


18 


G 112-43 


07 


43 43.97 


-00 04 00.9 


10.22 


-1.51 


900 


27629 


-83.8 


15.67 


10.74 


19 


G 115-58 


09 


10 48.10 


+46 22 36.6 


12.08 


-1.74 


2400 


14492 


226.8 


14.91 


11.00 


20 


G 15-13 


15 


12 32.43 


+06 01 44.3 


12.32 


-1.71 


5400 


23527 


219.7 


24.59 


11.76 


21 


G 166-37 


14 


34 51.00 


+25 09 54.0 


12.67 


-1.47 


5400 


17456 


369.4 


70.11 


66.39 


22 


G 238-30 


13 


17 40.00 


+64 15 00.0 


12.91 


-2.96 


5400 


17825 


229.7 


78.38 


76.89 


2.3 


G 41-41 


09 


29 15.56 


+08 38 00.6 


11.15 


-2.80 


1800 


19291 


266.9 


18.75 


11.97 


24 


G 48-29 


09 


40 43.20 


+01 00 29.6 


10.48 


-2.66 


1200 


19565 


-56.4 


42.30 


19.53 


25 


G 53-41 


10 


27 24.25 


+01 24 00.1 


11.04 


-1.34 


1800 


20473 


88.2 


8.76 


6.38 


26 


LP 894-3 


05 


57 50.70 


-30 53 48.7 


11.26 


-1.83 


2400 


18495 


305.7 


21.37 


17.71 



Note. — a: V band magnitude and metallicity are taken from^Sccrs ct al. ( 200ot) . ICarney et al. | [|l994r i or lRvan fc Norrisl l ll99ll) ; 
b: The signal-to-noise ratio and number of photon per unit pixel evaluated at ~5800A; c: Heliocentric radial velocities. 
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Table 2. Atomic data and measured equivalent widths 



Element 


A (A) 


E.P. 




A76 


1 


2 


3 


4 


5 


Nal 


5682.650 


2.10 


-0.82 


2.0 


6.9 


12.1 


3.0 


7.1 


6.9 


Nal 


5688.219 


2.10 


-0.37 


2.0 


14.6 


19.9 


6.2 


11.2 


15.3 


Nal 


5889.951 


0.00 


0.12 


2.0 






196.0 






Nal 


5895.924 


0.00 


-0.18 


2.0 






173.7 






Nal 


6154.227 


2.10 


-1.66 


2.0 




1.4 


2.5 






Nal 


6160.751 


2.10 


-1.35 


2.0 


1.0 






1.1 




Mgl 


4571.099 


0.00 


-5.59 


2.5 


64.3 


84.2 




81.8 


116.6 


Mgl 


4702.996 


4.34 


-0.55 


2.5 


108.4 


119.0 


89.7 


94.3 


120.9 



Note. — Tabic |21 is published in its entirety in the electronic edition of the Astrophysical Journal. 
A portion is shown here for guidance regarding its form and content. 



-39- 



Table 3. T eff derived by different methods. 



star 


E(B-V) 






[K] 








(V-K) 


(J-H) 


(J-K) 


Average 


SA II 


This Work 


BD+04° 2466 


0.042 


5165 


5120 


5227 


5170 


5096 


5115 


BD+Ol 3070 


0.054 


5352 


5319 


5181 


5284 


5132 


5130 


BD+09° 2870 


0.029 




4247 




4247 


4324 


4300 


BD+10° 2495 


0.022 


5042 


5047 


4968 


5019 


4801 


4775 


BD+12° 2547 


0.029 


4668 


4580 


4661 


4636 


4573 


4590 


BD+29° 2356 


0.013 


4648 


4676 


4824 


4716 


4816 


4795 


BD+30° 2611 


0.019 










4280 


4300 


HD 33771 


0.030 


4761 


4717 


4716 


4731 


4575 


4635 


HD 85773 


0.047 




4250 




4250 


4263 


4205 


HD 107752 


0.030 










4385 


4370 


HD 108577 


0.027 




4743 




4743 


4795 


4800 


HD 119516 


0.026 


5506 


5565 


5586 


5552 


5512 


5550 


HD 124358 


0.064 


4702 


4677 


4786 


4721 


4674 


4660 


HD 128279 


0.047 




4918 




4918 


5059 


5100 


HD 175305 


0.034 


5047 


5068 


5013 


5042 


4973 


5035 


HD 237846 


0.010 




4977 


4994 


4985 


4676 


4725 


HD 134439 


0.011 










5100 


5080 


G 112-43 


0.012 


6003 


6000 


6046 


6016 


6057 


6000 


G 115-58 


0.011 


6126 


6089 


6134 


6116 


6050 


6080 


G 15-13 


0.020 


5046 


5522 


5450 


5339 


5203 


5125 


G 166-37 


0.024 


5314 


5166 


5335 


5272 


5401 


5335 


G 238-30 


0.018 


5372 


5742 


5762 


5625 


5553 


5490 


G 41-41 


0.030 


6444 


6111 


6233 


6263 


6109 


6100 


G 48-29 


0.058 




6345 


6204 


6274 


6119 


6200 


G 53-41 


0.040 


5930 


6011 


5931 


5957 


5825 


5840 


LP 894-3 


0.014 


5755 


5849 


5825 


5816 


5827 


5860 



Note. — Column 3 to column 6 represent the values estimated by color indices. Last two 
columns represent the values derived by different spectroscopic analysis codes. 
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Table 4. Derived atmospheric parameters for the sample stars 



star Type T eff [K] logs [Fc/H] £ [km^ 1 ] 



BD+04° 2466 


G 


5115 ±80 


1.87 ±0.23 


-1.92 ±0.05 


1.70 ±0.2 


BD+01° 3070 


G 


5130 ±110 


3.10 ± 0.10 


-1.52 ±0.10 


1.20 ±0.1 


BD+09° 2870 


G 


4300 ± 100 


0.51 ± 0.15 


-2.73 ±0.13 


1.60 ±0.3 


BD+10° 2495 


G 


4775 ± 100 


1.90 ± 0.15 


-2.10 ±0.08 


1.47 ±0.3 


BD+12° 2547 


G 


4590 ± 70 


1.50 ±0.15 


-1.89 ±0.10 


1.50 ±0.2 


BD+29° 2356 


G 


4795 ± 60 


2.03 ± 0.23 


-1.45 ±0.10 


1.40 ±0.2 


BD+30° 2611 


G 


4300 ± 70 


1.25 ± 0.10 


-1.41 ±0.09 


1.80 ±0.2 


HD 33771 


G 


4635 ± 50 


1.54 ±0.15 


-2.06 ±0.07 


1.60 ±0.3 


HD 85773 


G 


4205 ± 50 


0.32 ± 0.20 


-2.58 ±0.10 


1.60 ±0.3 


HD 107752 


G 


4370 ± 90 


0.54 ±0.20 


-3.16 ±0.10 


1.58 ±0.3 


HD 108577 


G 


4800 ± 80 


1.13 ± 0.10 


-2.37 ±0.09 


1.80 ±0.3 


HD 119516 


G 


5550 ± 50 


2.20 ±0.20 


-1.82 ±0.10 


2.00 ±0.3 


HD 124358 


G 


4660 ± 70 


1.25 ± 0.20 


-1.77 ±0.12 


1.80 ±0.2 


HD 128279 


G 


5100 ± 50 


2.92 ± 0.10 


-2.24 ±0.10 


1.40 ±0.3 


HD 175305 


G 


5035 ± 70 


2.84 ±0.10 


-1.35 ±0.10 


1.40 ±0.1 


HD 237846 


G 


4725 ± 60 


1.41 ± 0.10 


-3.01 ±0.10 


1.50 ±0.3 


HD 134439 


D 


5080 ± 110 


4.94 ±0.22 


-1.35 ±0.08 


0.00 ±0.4 


G 112-43 


D 


6000 ± 70 


4.00 ±0.10 


-1.31 ±0.10 


1.40 ±0.3 


G 115-58 


D 


6080 ± 105 


3.88 ± 0.24 


-1.36 ±0.12 


1.40 ±0.3 


G 15-13 


D 


5125 ± 100 


4.94 ±0.31 


-1.63 ±0.09 


0.00 ±0.3 


G 166-37 


D 


5335 ± 100 


4.98 ± 0.30 


-1.36 ±0.08 


0.00 ±0.1 


G 238-30 


D 


5490 ± 90 


3.57 ±0.31 


-3.44 ±0.21 


1.46 ±0.3 


G 41-41 


D 


6100 ± 70 


3.90 ± 0.30 


-2.84 ±0.16 


1.42 ±0.2 


G 48-29 


D 


6200 ± 50 


3.66 ± 0.10 


-2.82 ±0.08 


1.60 ±0.3 


G 53-41 


D 


5840 ± 80 


4.51 ± 0.24 


-1.22 ±0.10 


1.10 ±0.1 


LP 894-3 


D 


5860 ± 80 


4.30 ±0.10 


-1.50 ±0.11 


1.30 ±0.1 
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Table 5. Abundance uncertainties linked to stellar parameters. 



Star 


Element Ration 


AT eff (±100 K) 


Alog<;(±0.30) 


A[Fe/H](±0.10) 


A§(±0.30 km-s- 1 ) 


Total Error 


G166-37 


[Na/Fc] 


T0.03 


±0.00 


±0.00 


±0.01 


±0.03 


(dwarf) 


[Mg/Fe] 


T0.03 


±0.00 


±0.00 


±0.00 


±0.03 




[Si/Fe] 


TO. 02 


±0.02 


±0.02 


±0.01 


±0.04 




[Ca/Fe] 


TO. 02 


±0.00 


±0.00 


±0.00 


±0.02 




[Sc/Fe] 


TO. 03 


±0.01 


±0.03 


±0.00 


±0.04 




[Ti/Fe] 


±0.00 


T0.03 


T0.01 


±0.01 


±0.03 




[Cr/Fe] 


±0.00 


±0.01 


±0.00 


±0.01 


±0.01 




[Mn/Fe] 


TO. 02 


±0.02 


±0.03 


±0.02 


±0.05 




[Ni/Fc] 


±0.01 


±0.02 


±0.00 


±0.01 


±0.02 




[Zn/Fe] 


T0.00 


±0.02 


±0.01 


±0.00 


±0.02 




[Y /Eta] 


TO. 01 


±0.02 


±0.01 


±0.00 


±0.02 




[Ba/Fe] 


T0.02 


±0.07 


±0.00 


±0.01 


±0.09 




[Fe/H] : 


±0.07 


T0.05 


±0.02 


±0.00 


±0.08 




[Fe/H]„ 


±0.00 


±0.06 


±0.03 


±0.00 


±0.06 



HD 175305 
(giant) 



[Na/Fe] 


TO. 04 


±0.01 


±0.00 


±0.06 


±0.07 


[Mg/Fe] 


±0.00 


T0.04 


±0.00 


±0.02 


±0.04 


[Si/Fe] 


T0.06 


±0.03 


±0.00 


±0.07 


±0.09 


[Ca/Fe] 


T0.02 


T0.04 


±0.00 


±0.03 


±0.05 


[Sc/Fe] 


T0.04 


±0.01 


±0.01 


±0.00 


±0.04 


[Ti/Fe] 


±0.02 


TO. 01 


±0.00 


±0.01 


±0.02 


[Cr/Fe] 


±0.01 


TO. 02 


T0.01 


TO. 01 


±0.03 


[Mn/Fe] 


TO. 02 


±0.03 


±0.00 


±0.00 


±0.03 


[Ni/Fe] 


TO. 01 


±0.02 


±0.01 


±0.04 


±0.04 


[Zn/Fe] 


T0.00 


±0.01 


±0.00 


±0.01 


±0.01 


[Y /Fe] 


TO. 05 


±0.06 


±0.01 


±0.03 


±0.08 


[Ba/Fe] 


TO. 03 


±0.04 


±0.01 


TO. 01 


±0.05 


[Fe/H]i 


±0.06 


T0.01 


T0.01 


T0.07 


±0.09 


[Fe/H]„ 


±0.01 


±0.09 


±0.03 


T0.09 


±0.11 
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Table 6. Comparisons of stellar parameters between the two analyses 



star AT off Alogg A [Fe/H] A£ 



BD+04 2466 


19 


— 0. 


15 





15 


— 0. 


.01 


BD+01° 3070 


-2 


0. 


03 





.06 





.10 


BD+09° 2870 


-24 


0. 


12 


-0 


.07 


-0 


33 


BD+10° 2495 


-26 


0. 


02 





.05 


-0 


.07 


BD+12° 2547 


17 


0. 


21 





.08 


-0 


20 


BD+29° 2356 


-21 


-0. 


11 


-0 


.01 





00 


BD+30° 2611 


20 


0. 


.51 


-0. 


.06 





.14 


HD 33771 


60 


0. 


18 


0. 


.07 


-0. 


.01 


HD 85773 


-58 


0. 


18 


-0 


.12 


-0. 


.41 


HD 107752 


-15 


0. 


10 


-0. 


.04 


-0. 


37 


HD 108577 


5 


0. 


29 





07 


-0 


26 


HD 119516 


38 


0. 


41 


0. 


16 


-0 


21 


HD 124358 


-14 


0. 


07 


-0. 


01 


-0. 


.04 


HD 128279 


41 





29 





14 





06 


HD 175305 


62 


0. 


31 





.05 





.20 


HD 237846 


49 


0. 


22 





12 


-0. 


19 


HD 134439 


-20 


-0. 


05 


-0. 


14 


-0. 


.04 


G 112-43 


-57 


0. 


16 





07 


0. 


.14 


G 115-58 


30 





21 





16 


-0. 


.07 


G 15-13 


-78 


-0. 


06 


-0. 


17 


-0. 


.04 


G 166-37 


-66 


-0. 


02 


-0 


.15 


-0 


.04 


G 238-30 


-63 


-0. 


32 


0. 


.08 


-0. 


.15 


G 41-41 


-9 


0. 


50 





16 


-0. 


.27 


G 48-29 


81 


0. 


10 





21 


-0 


.13 


G 53-41 


15 


0. 


33 





12 





13 


LP 894-3 


33 





28 





12 





20 



A 0.65 0.15 0.04 -0.07 

a 43 0.20 0.11 0.17 



Note. — A = SA - SA II 



Table 7. Comparisons of abundance results between the two analyses 



Star 


A[Mg/Fc] 


A[Si/Fc] 


A[Ca/Fc] 
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HD 175305 


0.13 


0.11 


-0.01 


-0.09 


-0.01 


-0.11 


-0.01 


0.07 


0.06 


-0.10 


TIL-' ZO l u4:U 


n in 
u. 1U 




m 

— U.Ul 


U.UO 


U. 1U 






— U.UO 




U.UO 


HD 134439 


-0.06 


-0.12 


-0.08 


-0.02 


-0.02 


-0.28 


-0.12 






-0.18 


G 112—43 


0.10 


0.06 


0.02 


0.03 


—0.01 


0.11 


0.01 


0.01 


0.06 


—0.11 


G 115-58 


0.08 


0.04 


0.00 


0.07 


0.05 


0.03 


0.02 


0.03 


0.15 


-0.14 


G 15-13 








0.04 


0.05 


-0.21 


0.01 


0.20 


-0.18 


-0.16 


G 166-37 


-0.11 


0.01 




0.01 


0.05 


-0.34 


0.02 


-0.09 


-0.20 


-0.10 


G 238-30 


-0.06 




0.05 


0.11 


0.17 












G 41-41 


-0.07 




-0.03 


0.13 












0.15 


G 48-29 


0.01 




-0.01 


-0.04 


0.00 










-0.01 


G 53-41 


0.04 


-0.08 


-0.04 


0.03 


-0.07 


0.06 


0.02 


-0.01 


-0.02 


0.00 


LP 894-3 


-0.06 


0.08 


0.01 


0.10 


0.09 




0.08 


0.05 




-0.14 


A[X/Fc] 


0.00 


0.06 


0.00 


0.03 


0.02 


-0.04 


0.02 


0.02 


0.01 


-0.02 


a 


0.08 


0.08 


0.04 


0.08 


0.07 


0.14 


0.06 


0.07 


0.10 


0.11 



Note. — A = SA — SA II. A[Na/Fc] is not presented here because of no non-LTE correction adopted in SA II. 
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Table 8. Comparison of parameters of common stars with SB02 



Parameters (TW) Parameters (SB02) A (TW-SB02) 



star 


T cff 


logs 


[Fe/H] 




Toff 


logs 


[Fe/H] 




AT cff 


A log g 


A [Fc/H] 


A? 


G 15-13 


5125 


4.94 


-1.63 


0.00 


5082 


4.61 


-1.70 


0.00 


43 


0.33 


0.07 


0.00 


G 166-37 


5335 


4.98 


-1.36 


0.00 


5350 


4.71 


-1.39 


0.00 


-15 


0.27 


0.03 


0.00 


G 238-30 


5490 


3.57 


-3.44 


1.46 


5383 


3.43 


-3.60 


1.19 


107 


0.15 


0.16 


0.27 



Note. — Column 2 ~ column 5 are the results derived in this work (TW), the results of column 6 ~ column 9 are cited 
from SB02, and the last 4 columns represent the discrepancy of these two works. 
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Table 9. Comparison of abundances with SB02 



Star A[Fe/H] A[Mg/Fe] A[Ca/Fe] A[Cr/Fe] A[Y/Fe] 

A[Na/Fc] A[Si/Fe] A[Ti/Fe] A[Ni/Fe] A[Ba/Fe] 



G 15-13° 0.07 0.23 0.05 ... -0.11 0.08 0.08 0.08 0.00 0.07 

G 166-37" 0.03 0.13 0.04 0.02 -0.05 0.08 -0.10 0.09 -0.03 0.02 

G 238-30" 0.16 ... 0.12 ... 0.01 0.25 -0.09 



G 5-19 b 0.02 -0.02 -0.08 0.05 -0.05 -0.06 0.06 -0.05 0.03 -0.07 

G 9-36 6 0.03 0.01 -0.04 0.16 0.02 -0.01 0.07 0.08 -0.08 -0.06 

G 215-47^ 0.00 -0.03 -0.11 -0.13 -0.09 -0.09 0.03 -0.16 0.09 -0.03 



G 5-19 c 0.00 -0.02 -0.05 0.03 -0.02 -0.02 -0.01 0.00 -0.01 -0.05 

G 9-36 c 0.00 0.00 -0.02 -0.05 0.02 0.02 0.03 -0.06 -0.04 -0.04 

G 215-47 c 0.00 -0.02 -0.07 0.02 -0.03 0.00 -0.03 -0.03 0.02 -0.03 



Note. — A = TW — SB02; a: Abundances derived from our measured equivalent widths; b & c: Abundance derived from the equivalent 
widths presented by SB02: abundances of b were determined taking atmospheric parameters derived in this work, while abundances of c 
were determined taking parameters presented in SB02. 



Table 10. Abundance ratios: Na, Mg, Si, and Ca 
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-1.58 ± 0.05 
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G 238-30 


-4.09 ± 0.06 
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-2.70 ±0.08 
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G 41-41 


-3.55 ± 0.07 
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G 53-41 


-0.97 ±0.08 
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22 


LP 894-3 


-1.67 ±0.06 


2 


-1.36 ± 0.08 
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-1.22 ±0.05 


1 






-1.36 ±0.06 


20 



Table 11. Abundance ratios: Sc, Ti, Cr and Mn 





fSrTT /HI 


N 


TTiT/Hl 


N 


fTiTT/Hl 


N 


fOT /HI 


N 


fOTT /HI 

Ul J.-L / A J. J 


N 


fMriT /HI 


N 


BD+04°2466 


-1.75 ±0.08 


4 


-1.55 ±0.08 


33 


-1.55 ±0.08 


8 


-2.02 ±0.08 


14 


-1.80 ± 0.09 


5 


-2.36 ±0.04 


2 


BD+01°3070 


-1.29 ±0.05 


7 


-1.29 ±0.06 


32 


-1.11 ±0.08 


8 


-1.66 ±0.06 


14 


-1.37 ±0.09 


5 


-2.10 ±0.03 


2 


BD+09°2870 


-2.69 ±0.05 


6 


-2.50 ±0.11 


32 


-2.44 ±0.10 


9 


-3.05 ±0.05 


12 


-2.59 ± 0.09 


5 


-3.34 ±0.07 


2 


BD+10°2495 


-1.98 ±0.06 


9 


-1.93 ±0.06 


32 


-1.78 ±0.08 


7 


-2.28 ±0.09 


14 


-1.91 ± 0.07 


5 


-2.59 ±0.03 


2 


BD+12°2547 


-1.69 ±0.07 


3 


-1.79 ±0.06 


29 


-1.50 ±0.09 


7 


-2.09 ±0.07 


15 


-1.74 ±0.09 


5 


-2.49 ±0.03 


2 


BD+29°2356 


-1.20 ±0.07 


2 


-1.21 ±0.06 
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-1.00 ±0.10 
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-1.57 ±0.07 


14 


-1.31 ± 0.11 
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-2.12 ±0.08 
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BD+30°2611 






-1.36 ±0.07 
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-1.13 ±0.08 
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-1.43 ±0.10 
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-1.35 ± 0.09 


2 


-2.06 ±0.04 


2 


HD 33771 


-1.90 ±0.08 
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-1.87 ±0.05 


31 


-1.68 ±0.08 


8 


-2.30 ±0.05 


12 


-1.92 ± 0.09 


5 


-2.60 ±0.04 


2 


HD 85773 


-2.60 ±0.06 


4 


-2.30 ±0.07 


21 


-2.25 ±0.08 


7 


-2.85 ±0.07 


12 


-2.40 ±0.10 


4 


-3.02 ±0.06 


2 


HD 107752 


-3.30 ±0.08 


7 


-3.03 ±0.07 


14 


-2.98 ±0.07 


11 


-3.39 ±0.07 


10 


-3.02 ± 0.06 


2 


-3.71 ±0.03 


1 


HD 108577 


-2.24 ±0.07 


10 


-2.10 ±0.05 


25 


-2.06 ±0.08 


8 


-2.53 ±0.07 


14 


-2.28 ± 0.11 


3 


-2.68 ±0.04 


2 


HD 119516 


-1.74 ±0.07 


8 


-1.51 ±0.10 


20 


-1.55 ±0.08 


8 


-1.97 ±0.08 


12 


-1.74 ±0.08 


5 


-2.23 ±0.04 


2 


HD 124358 


-1.73 ±0.07 


3 


-1.73 ±0.06 


27 


-1.54 ±0.08 


5 


-2.01 ±0.06 


12 


-1.69 ± 0.11 


4 


-2.21 ±0.03 


1 


HD 128279 


-2.02 ±0.07 


9 


-1.94 ±0.05 


21 


-1.80 ±0.07 


11 


-2.42 ±0.05 


12 


-2.04 ±0.09 


3 


-2.66 ±0.03 


2 


HD 175305 


-1.00 ±0.10 


5 


-1.11 ±0.06 


30 


-0.90 ±0.08 


8 


-1.47 ±0.07 


13 


-1.16 ± 0.09 


5 


-1.94 ±0.05 


2 


HD 237846 


-3.05 ±0.09 


7 


-2.74 ±0.06 


19 


-2.73 ±0.07 


11 


-3.25 ±0.06 


10 


-3.04 ±0.04 


1 


-3.49 ±0.03 


2 


HD 134439 


-1.27 ±0.09 


6 


-1.10 ±0.06 


26 


-1.01 ±0.08 


8 


-1.34 ±0.07 


15 


-1.12 ± 0.09 


5 


-1.86 ±0.03 


1 


G 112-43 


-1.07 ±0.05 


9 


-0.91 ±0.05 


27 


-0.86 ±0.07 


2 


-1.37 ±0.05 


13 


-1.20 ±0.04 


2 


-1.58 ±0.03 


2 


G 115-58 


-1.31 ±0.07 


8 


-1.06 ±0.06 


18 


-1.01 ±0.08 


10 


-1.47 ±0.05 


11 


-1.32 ± 0.10 


4 


-1.78 ±0.03 


2 


G 15-13 


-1.48 ±0.08 


8 


-1.34 ±0.06 


27 


-1.25 ±0.06 


9 


-1.69 ±0.06 


19 


-1.37 ±0.04 


1 


-2.03 ±0.10 


2 


G 166-37 


-1.02 ±0.06 


8 


-1.05 ±0.05 


26 


-0.93 ±0.08 


10 


-1.42 ±0.06 


15 


-1.21 ± 0.04 


2 


-1.84 ±0.06 


1 


G 238-30 


-3.40 ±0.20 


4 


-2.95 ±0.10 


3 


-3.20 ±0.09 


3 


-3.57 ±0.09 


2 










G 41-41 


-2.50 ±0.10 


6 






-2.25 ±0.09 


3 














G 48-29 


-2.56 ±0.08 


4 






-2.26 ±0.10 


3 


-2.89 ±0.10 


2 










G 53-41 


-1.04 ±0.07 


8 


-0.96 ±0.08 


29 


-0.80 ±0.08 


11 


-1.35 ±0.06 


14 


-1.03 ± 0.09 


5 


-1.62 ±0.03 


2 


LP 894-3 


-1.45 ±0.09 


9 


-1.32 ±0.11 


13 


-1.19 ±0.08 


10 


-1.65 ±0.05 


11 


-1.29 ± 0.10 


4 


-1.95 ±0.03 


1 



Table 12. Abundance ratios: Fe, Ni, Zn, Y and Ba 



Star 


[FpT /HI 


N 


[Kol 1 /Hi 


N 


fNiT/Hl 


N 


fZnT /HI 


N 


fYTT /HI 


N 


fBaTT /HI 




BD+04°2466 


-1.92 ±0.05 


80 


-1.92 ±0.09 


12 


-1.90 ±0.08 


15 


-1.96 ±0.10 


3 


-1.37 ±0.05 


1 


-0.61 ±0.05 


3 


BD+01°3070 


-1.52 ±0.05 


91 


-1.52 ±0.06 


12 


-1.63 ±0.07 


22 


-1.58 ±0.03 


3 


-1.66 ± 0.05 


2 


-1.59 ±0.06 


3 


BD+09°2870 


-2.73 ±0.05 


85 


-2.73 ±0.06 


12 


-2.74 ±0.07 


15 


-2.78 ±0.03 


2 


-3.21 ± 0.05 


2 


-3.53 ±0.06 


3 


BD+10°2495 


-2.10 ±0.05 


89 


-2.10 ±0.06 


12 


-2.17 ±0.07 


21 


-2.11 ±0.03 


3 


-2.36 ± 0.05 


2 


-2.21 ±0.06 


3 


BD+12°2547 


-1.89 ±0.05 


77 


-1.89 ±0.06 


9 


-1.83 ±0.07 


22 


-1.96 ±0.03 


2 


-2.03 ± 0.05 


2 


-1.99 ±0.06 


3 


BD+29°2356 


-1.45 ±0.05 


74 


-1.46 ±0.06 


10 


-1.54 ±0.08 


22 


-1.53 ±0.03 


3 


-1.5 ± 0.05 


2 


-1.44 ±0.06 


3 


BD+30°2611 


-1.40 ±0.06 


55 


-1.41 ±0.08 


7 


-1.56 ±0.09 


15 


-1.73 ±0.03 


2 


-1.63 ± 0.05 


1 


-1.46 ±0.06 


3 


HD 33771 


-2.06 ±0.05 


85 


-2.06 ±0.06 


10 


-2.13 ±0.07 


16 


-2.14 ±0.04 


3 


-2.21 ± 0.05 


1 


-2.15 ±0.06 


3 


HD 85773 


-2.58 ±0.05 


60 


-2.58 ±0.05 


9 


-2.58 ±0.08 


15 


-2.14 ±0.05 


3 


-3.15 ± 0.05 


1 


-3.27 ±0.06 


4 


HD 107752 


-3.16 ±0.05 


84 


-3.16 ±0.05 


12 


-3.18 ±0.08 


9 


-3.11 ±0.04 


3 


-3.56 ± 0.06 


2 


-3.72 ±0.06 


4 


HD 108577 


-2.37 ±0.05 


87 


-2.37 ±0.07 


12 


-2.29 ±0.07 


15 


-2.27 ±0.04 


2 


-2.69 ± 0.08 


2 


-2.54 ±0.06 


3 


HD 119516 


-1.82 ±0.05 


82 


-1.82 ±0.07 


10 


-1.89 ±0.10 


6 


-1.96 ±0.07 


3 


-1.96 ± 0.05 


2 


-1.71 ±0.06 


3 


HD 124358 


-1.77 ±0.05 


68 


-1.77 ±0.06 


9 


-1.94 ±0.07 


23 


-2.05 ±0.04 


6 


-2.37 ±0.05 


1 


-2.20 ±0.06 


3 


HD 128279 


-2.24 ±0.05 


85 


-2.24 ±0.06 


11 


-2.21 ±0.08 


11 


-2.27 ±0.06 


3 






-2.97 ±0.07 


3 


HD 175305 


-1.35 ±0.09 


80 


-1.35 ±0.11 


11 


-1.44 ±0.07 


22 


-1.38 ±0.04 


3 


-1.35 ± 0.09 


2 


-1.36 ±0.06 


3 


HD 237846 


-3.01 ±0.05 


77 


-3.01 ±0.06 


12 


-3.06 ±0.12 


5 


-2.95 ±0.04 


2 


-3.52 ± 0.07 


2 


-4.09 ±0.10 


3 


HD 134439 


-1.35 ±0.05 


70 


-1.35 ±0.08 


11 


-1.47 ±0.08 


21 


-1.45 ±0.03 


2 


-1.65 ± 0.05 


1 


-1.59 ±0.06 


4 


G 112-43 


-1.31 ±0.05 


95 


-1.31 ±0.06 


13 


-1.29 ±0.05 


14 


-1.12 ±0.04 


3 


-1.4 ±0.05 


2 


-1.61 ±0.06 


3 


G 115-58 


-1.36 ±0.05 


71 


-1.36 ±0.06 


9 


-1.49 ±0.10 


8 


-1.57 ±0.07 


2 


-1.44 ±0.05 


2 


-1.51 ±0.10 


4 


G 15-13 


-1.63 ±0.05 


78 


-1.63 ±0.08 


11 


-1.71 ±0.08 


19 


-1.65 ±0.04 


2 


-1.66 ± 0.06 


2 


-1.41 ±0.09 


4 


G 166-37 


-1.36 ±0.08 


86 


-1.36 ±0.07 


12 


-1.43 ±0.03 


18 


-1.62 ±0.04 


2 


-1.27 ±0.06 


2 


-1.19 ±0.10 


4 


G 238-30 


-3.44 ± 0.06 


20 


-3.44 ± 0.09 


3 


















G 41-41 


-2.81 ±0.06 


50 


-2.82 ±0.07 


6 














-3.20 ±0.06 


1 


G 48-29 


-2.63 ±0.05 


24 


-2.64 ±0.07 


7 














-3.36 ±0.08 


2 


G 53-41 


-1.22 ±0.05 


93 


-1.22 ±0.06 


12 


-1.29 ±0.07 


17 


-1.28 ±0.05 


3 


-1.12 ± 0.05 


2 


-0.95 ±0.06 


3 


LP 894-3 


-1.50 ±0.05 


82 


-1.50 ±0.05 


11 


-1.59 ±0.10 


10 


-1.74 ±0.03 


2 






-1.70 ±0.06 


4 



Table 13. Abundance relative to Fe: Na, Mg, Si, Ca, Sc, and Ti 



Star 


[Fe/H ] 


fNa /Fpl 


[Mg/Fe] 


fSi /FpI 


fCa /FpI 


[Sp/FpI 


[Ti /FpI 


BD+04° 2466 




,yz zc u.uo 


0.16 ±0.08 


u 


9 cc _L n no 

.zo zz u.uo 


0.50 ±0.07 


0.45 ± 0.08 


0.17 ±0.08 


0.37 ±0.08 


BD+01° 3070 




■ OZ m u.uo 


-0.09 ±0.06 


n 

u 


.oz zz u.uy 


0.36 ±0.09 


0.24 ±0.06 


0.23 ±0.05 


0.23 ± 0.06 


BD+09° 2870 


o 

— Z. 


■ lo I u.uo 


0.11 ±0.09 


n 
u 


Af, -Ufl 1Q 

.^0 nz u. 10 




0.46 ±0.10 


0.04 ± 0.05 


0.23 ± 0.11 


BD+10° 2495 


_2 


ifi-r-n 

. 1U m u.uo 


0.06 ±0.06 


n 
u 


99 _l n n°. 
.zz zz u.uo 


0.45 ± 0.05 


0.34 ±0.06 


0.12 ±0.06 


0.17 ±0.06 


BD+12° 2547 




en _|_ n nc: 
. oy zc u.uo 


-0.15 ±0.06 


n 
u 


ou zz u.uo 


0.30 ±0.09 


0.23 ±0.06 


0.2 ±0.07 


0.10 ± 0.06 


BD+29° 2356 


_l 


, 10 zo u.uo 


-0.04 ±0.09 





Qfi _L n no 

.ou zz u.uo 


0.35 ±0.07 


0.25 ±0.07 


0.25 ±0.07 


0.24 ±0.06 


BD+30° 2611 


_l 


41 _|_ n n« 

. 1 -L IT_ U. UU 


-0.33 ±0.08 





. -L'i U. UO 


0.24 ±0.08 


0.05 ±0.07 




0.05 ± 0.07 


HD 33771 


_2 


n« _|_ n nr: 
. UU u . uo 


-0.04 ±0.06 





on _|_ n no 
. zy zz u.uo 


0.42 ± 0.07 


0.30 ±0.06 


0.16 ±0.08 


0.19 ± 0.05 


HD 85773 


_2 


. 00 ir_ u . uo 


-0.71 ±0.08 





90 _l n HQ 
. Zry zz u.uy 




0.24 ±0.07 


-0.02 ±0.06 


0.28 ± 0.07 


HD 107752 


Q 
O 


. 1U m u.uo 


-0.47 ±0.05 


n 
u 


^ & -i- n 1 n 

.00 zz U. 1U 




0.54 ±0.06 


-0.14 ±0.08 


0.13 ± 0.07 


HD 108577 


_2 


0/ zc u.uo 


0.05 ±0.05 


n 
u 


.^iZ ZC u.uo 




0.40 ±0.06 


0.13 ±0.07 


0.27 ±0.05 


HD 119516 


_ ^ 


oz m u.uo 


0.16 ±0.07 


n 

u 


. -Lu m u.uy 




0.22 ±0.07 


0.08 ±0.07 


0.31 ± 0.10 


HD 124358 


-1 


.77 ±0.05 


-0.28 ±0.06 






0.34 ±0.05 


0.15 ±0.07 


0.04 ±0.07 


0.04 ± 0.06 


HD 128279 


-2. 


.24 ±0.05 


-0.38 ±0.09 





.44 ± 0.07 


0.47 ±0.08 


0.35 ±0.07 


0.22 ±0.07 


0.30 ± 0.05 


HD 175305 


-1 


.35 ±0.09 


-0.02 ±0.07 





.34 ± 0.08 


0.31 ±0.10 


0.23 ±0.07 


0.35 ±0.10 


0.24 ± 0.07 


HD 237846 


-3 


.01 ±0.05 


-0.39 ±0.05 





.47 ±0.10 




0.37 ±0.08 


-0.04 ±0.09 


0.27 ±0.06 


HD 134439 


-1 


.35 ±0.05 


-0.44 ±0.06 





.08 ±0.12 


0.05 ±0.05 


0.01 ±0.05 


0.08 ±0.09 


0.25 ± 0.06 


G 112-43 


-1 


.31 ±0.05 


-0.03 ±0.06 





.35 ±0.12 


0.26 ±0.06 


0.28 ±0.06 


0.24 ±0.05 


0.40 ± 0.05 


G 115-58 


-1 


.36 ±0.05 


-0.43 ±0.05 





.15 ±0.08 


0.11 ±0.07 


0.23 ±0.07 


0.05 ±0.07 


0.30 ± 0.06 


G 15-13 


-1 


.63 ±0.05 


-0.37 ±0.06 





.21 ±0.08 




0.09 ±0.07 


0.15 ±0.08 


0.24 ± 0.06 


G 166-37 


-1 


.36 ±0.08 


-0.22 ±0.05 





.25 ±0.07 


0.18 ±0.07 


0.15 ±0.05 


0.34 ±0.06 


0.17 ±0.06 


G 238-30 


-3 


.44 ±0.06 


-0.65 ±0.06 





.74 ±0.08 




0.69 ±0.06 


0.04 ±0.20 


0.49 ± 0.10 


G 41-41 


-2 


.84 ±0.06 


-0.71 ±0.07 





.36 ±0.08 




0.39 ±0.06 


0.34 ±0.10 


0.59 ±0.09 


G 48-29 


-2. 


.82 ±0.05 


-0.50 ±0.06 





.56 ±0.08 




0.58 ±0.09 


0.26 ±0.08 


0.56 ±0.10 


G 53-41 


-1 


.22 ±0.05 


0.25 ±0.08 





.22 ±0.08 


0.23 ±0.07 


0.20 ±0.06 


0.18 ±0.07 


0.26 ±0.08 


LP 894-3 


-1 


.50 ±0.05 


-0.17 ±0.06 





.14 ±0.08 


0.28 ±0.05 


0.14 ±0.06 


0.05 ±0.09 


0.18 ±0.11 



Table 14. Abundance relative to Fe: Cr, Mn, Ni, Zn, Y, and Ba 



Star 


[Fe/H ] 


[Cr/Fc] 


[Mn/Fe] 


[Ni/Fc] 


[Zn/Fe] 


[Y/Fe] 


[Ba/Fe] 


Jr51J-|-U4 Z4DD 


1 no J_ n nc; 
— l.yZ ± U.Uo 


— U. 1U it U.Uo 


n a a J_ n n/i 
— U.44 it U.U4 


n no J_ n nc 
U.UZ it U.Uo 


n n/i i n 1 n 
— U.U4 it U. 1U 


n et rr i n n^ 

u.oo it u.uo 


i qi _L n nc; 
l.ol it U.Uo 


r>JJ+Ul oU/U 


i c;o _L n nc; 
— 1.0Z ± U.Uo 


n i \ in nfi 
— U. 14 it U.UD 


n cro J_ n QQ 
— U.oo it U.Uo 


n 1 1 J_ n c\i 
— U.ll it U.U f 


n nfi J_ n nQ 
— U.UD it U.Uo 


n 1 a J_ n nc; 
— U.14 it U.Uo 


n H7 J_ n nfi 
— U.U f it U.UD 


r>JJ+Uy Zo/U 


o 7Q j_ n nc; 
— Z. / o ± U.UO 


n qo J_ n nc; 
—U.oZ it U.Uo 


n ki J_ n Q7 

— u.oi it u.u t 


n m J_ n n*7 
— U.U1 it U.U ( 


n nc; _i_ n oq 
— U.Uo it U.Uo 


n i q i n n^ 
— U.4o it U.Uo 


n on J_ n nfi 
— U.oU it U.UD 


pn i i n° O/inc; 
JdD+IU Z4y0 


o 1 a _L n nc; 
— Z. 1U ± U.Uo 


— u. lo it u.uy 


n /i n _L n oq 
— U.4y it U.Uo 


n n7 J_ n nv 
— U.U t ± U.U I 


n ni J_ n nQ 
— U.U1 it U.Uo 


n ofi J_ n nc; 
— U.ZD it U.Uo 


n 1 1 J_ n nfi 
— U.ll it U.UD 


JdJJ+IZ Z04/ 


i on _L n nc; 
— l.oy ± U.Uo 


n on J_ n n7 
— U.ZU it U.U t 


n fin J_ n qq 
— U.DU it U.Uo 


n nfi J_ n c\i 
—U.UD it U.U f 


n ni _i_ n nQ 
— U.U f it U.Uo 


n 1 a j_ n nc; 
— U. 14 it U.Uo 


n 1 n J_ n nfi 
— U. 1U it U.UD 


RTixOO° OQC^fi 

X3U-t-zy zooo 


i /i -U n nc; 
— 1.40 it U.UO 


n 104.11 c\i 
— U. 1Z it U.U ( 


n K7 -U n ns 
— U.D i it U.Uo 


n no -U n ns 
— U.uy it U.Uo 


n ns -U n nQ 
— U.Uo it U.Uo 


n n^ -U n n^ 
— U.UO it U.UO 


n ni xn nfi 
U.U1 it U.UD 


JoD-poU ZD11 


— 1.41 ± U.UD 


n no i n i n 
— U.UZ it U. 1U 


n fit; j_ n n/i 
—U.oo it U.U4 


n i cr j_ n nn 

— u. io it u.uy 


n qo J_ n nu 
— U.oZ it U.Uo 


n oo J_ n nc; 
— U.ZZ it U.UO 


n nc; _i_ n nfi 
— U.Uo it U.UD 


XT Pi 00771 
XliJ OO Ml 


o nfi -U n nc; 
— Z.UD it U.UO 


n 9/1 -U n nc; 
— U.Z4 it U.UO 


n ^a -U n n/i 
— U.04 it U.U4 


n H7 -U n ri7 
— U.U ( it U.U i 


n ns -U n n/i 
— U.Uo it U.U4 


— U.10 it U.UO 


n no -U n nfi 
—u.uy it U.UD 


IIP) &^77Q 


9 -l- n n^ 

— Z.00 It U.UO 


n 97 -I- n n7 

— U.Z f It U.U / 


— U.^t^i It U.UD 


n nn 4- n ns 

U.UU It U.Uo 


n aa 4- n n^ 

U.^t^ It U.UO 


n ^7 4- n n^ 

— U.OI It U.UO 


n an _|_ n n^ 
— u.oy it u.ud 


XliJ 1U ( / OZ 


q i fi _i_ n nc; 

— O.10 it U.UO 


n oq -U n n7 

— U.Zo it U.U ( 


n -U n nQ 

— U.OO it U.Uo 


n no -U n nc 

— U.UZ it U.Uo 


n nc; -U n n/i 

U.UO it U.U4 


n, ac\ -\- n nfi 

— U.4U it U.UD 


n ±. fi nfi 
— U.OD it U.UD 


XliJ lUoO ( I 


o 97 _i_ n nc; 
— Z.o / it U.UO 


— U. 10 it U.U i 


n qi j. n c\a 

— U.ol it U.U4 


n nc -U n n7 
U.Uo it U.U ( 


U. 1U it U.U4 


n qo -L- n ns 
— U.oZ it U.Uo 


n 17 ±n nfi 

— U.l / it U.UD 


xliJ llyOlD 


i oo _L n nc; 
— l.oZ it U.Uo 


n i k j. n no 
— U. lo it U.Uo 


n /i 1 i n n \ 
— U.41 it U.U4 


n n7 i n 1 n 
— U.U t ± U. 1U 


n nft J_ n c\i 
— U.UD it U.U/ 


n 1 a J- n nc; 
— U.14 it U.Uo 


n 1 1 J_ n nfi 
U. 11 it U.UD 


ttPi i O/l Q c; o 
iiiJ 1Z4000 


i ii i n ncr 
— 1. M it U.Uo 


n O/l J_ n nfi 
— U.Z4 it U.UD 


n a a _i_ n nQ 
—U.44 it U.Uo 


n i 7 J_ n ni 
— U.l ( it U.U f 


n oq J_ n c\a 
— U.Zo it U.U4 


n fin J_ n nc; 
— U.DU it U.Uo 


n a q J_ n nfi 
— U.4o it U.UD 


XX Pi T 09.070 

xliJ izoz/y 


o O/l -U n nc; 
— Z.Z4 it U.UO 


n ioj.ii nc; 
— U. lo it U.UO 


n /io -U n nQ 
— U.4Z it U.Uo 


n n/i -U n ns 
U.U4 it U.Uo 


n oq -U n nfi 
— U.Uo it U.UD 




n 7Q -U n n7 
— U. i o it U.U i 


HD 175305 


-1.35 ±0.09 


-0.12 ±0.07 


-0.61 ±0.05 


-0.09 ±0.07 


-0.03 ± 0.04 


0.00 ±0.09 


-0.01 ±0.06 


HD 237846 


-3.01 ±0.05 


-0.24 ±0.06 


-0.48 ± 0.03 


-0.04 ±0.12 


0.06 ± 0.04 


-0.51 ±0.07 


-1.08 ±0.10 


HD 134439 


-1.35 ±0.05 


-0.09 ±0.07 


-0.51 ±0.03 


-0.12 ±0.08 


-0.10 ± 0.03 


-0.30 ±0.05 


-0.24 ±0.06 


G 112-43 


-1.31 ±0.05 


-0.06 ±0.05 


-0.27 ±0.03 


0.02 ±0.05 


0.19 ± 0.04 


-0.09 ±0.05 


-0.30 ±0.06 


G 115-58 


-1.36 ±0.05 


-0.11 ±0.05 


-0.42 ±0.03 


-0.13 ±0.10 


-0.21 ± 0.07 


-0.08 ±0.05 


-0.15 ±0.10 


G 15-13 


-1.63 ±0.05 


-0.06 ±0.06 


-0.40 ±0.10 


-0.08 ±0.08 


-0.02 ± 0.04 


-0.03 ±0.06 


0.22 ±0.09 


G 166-37 


-1.36 ±0.08 


-0.06 ±0.06 


-0.48 ±0.07 


-0.07 ±0.03 


-0.26 ± 0.05 


0.09 ±0.06 


0.16 ±0.10 


G 238-30 


-3.44 ±0.06 


-0.13 ±0.09 












G 41-41 


-2.84 ±0.06 












-0.36 ±0.06 


G 48-29 


-2.82 ±0.05 


-0.07 ±0.10 










-0.54 ±0.08 


G 53-41 


-1.22 ±0.05 


-0.13 ±0.06 


-0.41 ±0.03 


-0.07 ±0.07 


-0.06 ± 0.05 


0.10 ±0.05 


0.27 ±0.06 


LP 894-3 


-1.50 ±0.05 


-0.15 ±0.05 


-0.45 ± 0.03 


-0.09 ±0.10 


-0.24 ±0.03 




-0.20 ±0.06 
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Table 1. Atomic data and measured equivalent widths 



Element 


A (A) 


E.P. 


logg/ 


A76 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Nal 


5682.650 


2 


10 


-0.82 


2.0 


6.9 


12.1 


3.0 


7.1 


6.9 


20.4 


29.6 


7.8 


2.1 








8.3 


Nal 


5688.219 


2 


10 


-0.37 


2.0 


14.6 


19.9 


6.2 


11.2 


15.3 


36.8 


48.9 


12.1 


6.4 


1.4 


5.7 


6.4 


13.4 


Nal 


5889.951 





00 


0.12 


2.0 






196.0 












225.1 


151.7 


194.9 


194.3 




Nal 


5895.924 





00 


-0.18 


2.0 






173.7 












195.5 


132.1 


171.2 


162.7 




Nal 


6154.227 


2 


10 


-1.66 


2.0 




1.4 


2.5 






1.6 


7.2 














Nal 


6160.751 


2 


10 


-1.35 


2.0 


1.0 






1.1 




6.1 


10.5 




1.9 










Mgl 


4571.099 





00 


-5.59 


2.5 


64.3 


84.2 




81.8 


116.6 


84.4 


181.3 


104.8 


116.9 


50.3 


62.6 


24.2 


110.6 


Mgl 


4702.996 


4 


34 


-0.55 


2.5 


108.4 


119.0 


89.7 


94.3 


120.9 


135.2 


161.4 


111.4 


90.6 


51.1 


85.6 


81.6 


119.3 


Mg I 


4730.026 


4 


34 


-2.37 


2.5 




13.0 


4.7 


7.2 


12.6 


23.3 


36.2 


7.0 


4.5 




4.6 


2.6 


12.7 


Si I 


5772.148 


5 


08 


-1.75 


1.3 




11.6 


5.0 


5.5 


8.1 


17.4 


23.3 


7.2 






3.1 


2.1 


11.0 


Si I 


5948.545 


5 


08 


-1.23 


1.3 


19.5 


25.2 


12.9 


15.1 


24.9 


41.3 


53.6 


17.6 


14.2 




12.6 


16.2 


27.6 


Si I 


6155.141 


5 


62 


-0.84 


1.3 


11.4 


17.0 


7.5 


9.9 


12.1 


26.3 


29.8 


13.1 


5.6 




7.9 


5.0 


18.0 


Si II 


6347.100 


8 


12 


0.32 


2.5 




6.9 


1.4 


2.9 


3.2 


8.4 


7.4 










7.6 


6.4 


Cal 


4526.934 


2 


71 


-0.49 


1.8 


23.2 


34.0 


12.3 


21.4 


27.8 


46.0 


69.6 


25.9 






14.7 


9.8 


34.6 


Cal 


4578.551 


2 


52 


-0.63 


1.8 


22.6 


38.4 


15.4 


22.8 


36.5 


52.8 




29.4 


14.4 


7.2 


13.8 


14.2 


32.5 


Cal 


4685.268 


2 


93 


-0.88 


1.8 


19.0 


5.7 


4.4 


10.8 


15.4 


27.3 


48.4 


11.5 


3.1 


2.9 


8.3 


1.0 


14.1 


Cal 


5261.707 


2 


52 


-0.65 


1.8 


33.2 


46.4 


21.9 


30.6 


7.8 


11.9 


98.6 


40.6 


23.3 


10.6 


19.5 


16.2 


46.5 


Cal 


5262.241 


2 


52 


-0.60 


1.8 


64.2 


77.4 


55.0 


59.4 


44.9 


62.1 


156.0 


83.9 


69.4 


22.8 


49.3 


39.0 


98.4 


Cal 


5512.980 


2 


93 


-0.37 


1.8 










95.7 


114.8 
















Cal 


5581.968 


2 


52 


-0.63 


1.8 


28.5 


47.9 


23.1 


30.6 


49.8 


64.5 


96.1 


40.5 


24.3 


10.9 


21.2 


18.7 


47.2 


Cal 


5588.755 


2 


53 


0.28 


1.8 


80.7 


89.7 


68.2 


76.4 


95.8 


110.2 


141.3 


86.0 


70.5 


40.3 


64.0 


67.8 


99.1 


Cal 


5590.117 


2 


52 


-0.64 


1.8 


30.2 


45.6 


22.8 


31.3 


45.6 


63.4 


93.1 


39.1 


21.5 


9.0 


19.9 


18.5 


46.5 


Cal 


5594.466 


2 


52 


0.02 


1.8 


72.4 


80.4 


52.3 


62.4 


84.9 






73.6 


57.7 


30.1 


51.0 


49.8 


91.2 


Cal 


5598.480 


2 


52 


-0.22 


1.8 


61.6 


50.5 


46.4 


58.9 










54.2 


22.0 


42.7 


46.0 




Cal 


5601.277 


2 


53 


-0.69 


1.8 


38.9 


66.9 


24.8 


31.4 


46.4 


69.9 


97.7 


40.9 


26.4 


10.6 


21.5 


19.9 


49.1 


Cal 


5857.451 


2 


93 


0.24 


1.8 


54.7 


1.7 


39.4 


50.1 


66.5 


82.6 


15.8 


55.8 


31.9 


19.3 


37.8 


31.1 


69.5 


Cal 


6122.217 


1 


89 


-0.32 


1.8 


93.2 


103.8 


89.0 


91.3 


117.0 


125.5 


173.8 


106.4 


99.0 


53.9 


78.6 


74.5 


120.5 


Cal 


6162.173 


1 


90 


-0.09 


1.8 


103.6 


116.5 


98.6 


102.3 


122.0 


135.5 


188.8 


110.6 


108.1 


67.2 


94.5 


88.7 


133.7 


Cal 


6163.755 


2 


52 


-1.29 


1.8 


9.9 


17.8 


8.1 


12.1 


19.8 






14.8 




1.6 




7.1 




Cal 


6166.440 


2 


52 


-1.14 


1.8 


11.1 


22.5 


10.6 


13.5 


22.1 


35.0 


65.3 


16.4 


9.3 


1.2 


5.9 


4.5 


21.4 


Cal 


6169.042 


2 


52 


-0.80 


1.8 


25.0 


38.2 


18.3 


23.9 


39.7 


52.9 


89.4 


31.5 


20.9 


8.3 


12.5 


12.5 


39.6 


Cal 


6169.562 


2 


53 


-0.37 


1.8 


36.6 


53.0 


28.1 


36.8 


55.1 


70.1 


107.0 


46.2 


31.6 


13.4 


26.2 


20.6 


53.4 


Cal 


6449.810 


2 


52 


-0.50 


1.8 


37.6 


54.0 


31.2 


34.5 


53.7 


71.8 




47.0 


30.4 


13.5 


26.3 


20.3 


52.1 


Cal 


6462.569 


2 


52 


0.29 


1.8 


93.8 


113.1 


88.1 


87.3 


149.9 


176.3 


250.7 


124.5 


109.2 


41.7 


76.3 


60.7 


146.1 


Cal 


6471.661 


2 


53 


-0.64 


1.8 


30.5 


42.4 


21.1 


28.5 


46.1 


63.5 


95.2 


37.1 


24.6 


11.7 


19.0 


15.0 


46.1 



Table 1 — Continued 



Element A (A) E.P. log gf Aj 6 12 3 4 5 6 7 8 9 10 11 12 13 



Ca I 


6493.781 


2.52 


0.02 


1.8 


58.2 


73.2 


55.6 


56.8 


Ca I 


6499.650 


2.52 


-0.82 


1.8 


25.9 


35.9 


16.7 


24.3 


Ca I 


6717.686 


2.71 


-0.57 


1.8 


34.6 


41.3 


20.4 


28.9 


Sc II 


4246.837 


0.32 


0.24 


2.5 








126.6 


Sc II 


4314.095 


0.62 


-0.10 


2.5 








107.3 


Sc II 


4320.732 


0.61 


-0.25 


2.5 




85.6 




89.0 


Sc II 


4324.996 


0.60 


-0.44 


2.5 








105.5 


Sc II 


4354.598 


0.61 


-1.58 


2.5 




43.5 


39.3 




Sc II 


4374.457 


0.62 


-0.42 


2.5 




83.0 


93.0 


84.7 


Sc II 


4400.399 


0.61 


-0.54 


2.5 




74.1 


90.7 


81.1 


Sc II 


4415.563 


0.60 


-0.67 


2.5 


82.9 


76.6 


87.0 


75.2 


Sc II 


4670.417 


1.36 


-0.58 


2.5 


42.6 


38.5 


44.0 


35.9 


Sc II 


5031.021 


1.36 


-0.40 


2.5 


56.8 


46.2 


48.7 


44.6 


Til 


4512.733 


0.84 


-0.42 


2.5 


30.3 


35.2 


23.5 


25.0 


Til 


4518.023 


0.83 


-0.27 


2.5 


29.9 


42.6 


30.8 


34.8 


Til 


4527.305 


0.81 


-0.47 


2.5 


77.0 


40.8 


25.0 


33.2 


Til 


4533.239 


0.85 


0.53 


2.5 


64.5 


73.7 


69.5 


65.4 


Til 


4534.778 


0.84 


0.34 


2.5 


54.4 


64.7 


59.7 


57.9 


Til 


4535.570 


0.83 


0.12 


2.5 


50.1 




52.2 


52.5 


Til 


4544.688 


0.82 


-0.52 


2.5 


26.1 


41.6 


25.4 


30.5 


Til 


4552.456 


0.84 


-0.34 


2.5 


27.7 






44.9 


Ti I 




u.oo 


n ai 


9 ^ 


9fi R 


^ A 


9^ 7 


9^ ^ 


Til 


4617.254 


1.75 


0.45 


2.5 


16.3 


27.5 


15.0 


17.8 


Til 


4656.468 


0.00 


-1.29 


2.5 


21.1 


39.0 


32.6 


30.4 


Til 


4681.908 


0.05 


-1.01 


2.5 


33.9 


49.1 


45.6 


42.5 


Til 


4840.874 


0.90 


-0.45 


2.5 


20.3 


31.6 


20.9 


23.3 


Til 


4885.082 


1.89 


0.41 


2.5 


12.6 


20.6 


10.2 


14.1 


Til 


4913.616 


1.87 


0.22 


2.5 




18.2 




12.0 


Til 


4981.732 


0.85 


0.56 


2.5 


73.3 


79.8 


76.1 


75.7 


Til 


4991.067 


0.84 


0.44 


2.5 


67.4 




71.3 


70.5 


Til 


4999.504 


0.82 


0.31 


2.5 


86.9 


71.6 


63.7 


65.3 


Til 


5016.162 


0.85 


-0.52 


2.5 


19.8 


32.2 


23.8 


23.8 


Til 


5020.028 


0.84 


-0.36 


2.5 


28.6 


42.7 


32.7 


33.1 


Til 


5022.871 


0.83 


-0.38 


2.5 


31.0 


40.1 


29.7 


33.3 


Til 


5035.907 


1.46 


0.26 


2.5 


31.3 


47.7 


27.4 


32.6 



78.6 


94.5 


131.9 


69.2 


51.0 


25.5 


46.9 


41.4 


74.6 


38.2 


58.4 


9U.2 


2 / .o 


21.8 


10.3 


14.5 


lo. / 


37.6 


44.2 


70.2 


108.2 




23.7 


8.6 


21.1 


13.6 


48.1 








142.3 




108.3 


144.4 


144.2 














95.5 


117.2 


109.0 


150.2 










121.9 


62.2 


104.4 


96.0 


132.6 








131.3 


122.6 


65.7 


98.0 


91.4 




63.8 




110.9 


56.6 


49.6 


13.5 


29.7 


15.6 


66.4 






137.3 


103.8 


101.7 


55.5 


94.3 


82.4 


116.6 








100.7 


111.7 


52.3 


89.6 


78.8 


121.9 






143.4 


94.0 


98.4 


47.1 


81.7 


68.0 


109.4 


66.0 


72.7 


112.9 


54.0 


56.1 


13.5 


40.0 


29.6 


71.7 


69.6 


78.3 


104.8 


59.0 


61.0 


9.0 


47.4 


36.0 


79.1 


50.6 


65.5 


106.8 


36.0 


41.3 


8.3 


19.4 


9. / 


4/.0 


56.9 


69.9 


115.1 


47.1 


50.3 


10.7 


22.4 


13.6 


56.7 


60.9 




148.4 


46.9 


40.7 


8.8 




15.1 


58.0 


93.2 


101.4 




84.0 


92.6 


39.0 


59.4 


47.1 


96.0 


80.1 


92.3 


134.7 


72.8 


78.3 


32.3 


50.3 


36.6 


86.9 


84.9 


100.5 








23.5 


43.1 


31.4 


97.7 


57.6 


77.3 


146.3 


44.2 


42.3 


9.4 


17.2 


14.7 


59.1 












13.7 








48.4 


62.9 


108.8 


38.0 


34.6 


8.2 


16.0 


7.4 


45.1 


32.8 


50.7 


83.5 


28.5 


21.7 


4.8 


13.8 


10.3 


32.6 


59.7 


72.4 


133.6 


49.2 


56.3 


9.9 


23.1 


10.9 


60.3 


74.3 


80.9 




59.7 


70.6 


14.2 


29.0 




69.4 


44.9 


55.8 


105.9 


35.5 


36.0 


6.5 


15.4 


10.2 


41.3 


27.7 


44.2 


83.2 


22.6 


17.3 


2.0 


11.3 


4.8 


25.3 


19.7 


32.3 


68.5 


14.3 




3.3 


9.9 




17.2 


101.3 


106.7 


165.2 


88.8 


97.8 


41.2 


68.2 


49.9 


103.1 










93.1 


39.4 


69.7 


51.8 




96.4 


103.7 


174.2 


84.2 


87.9 


33.0 


56.9 


40.4 


96.0 


47.4 


61.7 


112.7 


36.4 


37.7 


10.7 


15.4 


7.8 


44.6 


57.8 


73.4 


122.4 


47.2 


45.8 


10.7 


22.6 


14.8 


54.9 


58.4 


68.9 


125.5 


46.9 


48.1 


9.9 


19.9 


11.7 


56.3 


61.1 


79.4 


129.7 


46.5 


45.0 


4.2 


21.7 


16.1 


56.4 



Table 1 — Continued 



Element 


A (A) 


T7 T5 

Hi.r. 




A76 


1 
1 



z 


Q 
O 


A 
4 





a 





Q 
O 


y 


1 n 
1U 


1 -1 
11 


1 


1 Q 


Til 


5036.468 


1.44 


0.19 


2.5 


22.4 


33.7 


20.1 


22.3 


44.2 


58.6 




34.3 


33.1 


6.2 


17.1 


7.5 


42.6 


Til 


5038.399 


1.43 


0.07 


2.5 


17.4 


29.1 


17.6 


20.0 


36.4 






30.6 


25.9 


3.5 


13.7 


8.3 




Til 


5039.959 


0.02 


-1.13 


2.5 


33.7 


48.4 


47.7 


36.4 


70.9 


81.6 


148.1 


61.2 


69.7 


15.7 


28.5 


14.0 


69.7 


Til 


5064.654 


0.05 


-0.86 


2.5 


41.9 


56.4 


53.5 


47.6 


78.0 




155.7 


65.7 


78.4 


18.8 


32.8 


17.8 


76.4 


Til 


5192.969 


0.02 


-0.95 


2.5 


45.2 


59.4 


54.0 


50.2 


84.2 


97.2 


191.3 


70.5 


88.1 




36.4 


23.1 


75.1 


Til 


5210.386 


0.05 


-0.83 


2.5 


46.7 


62.7 


59.2 


54.7 


88.2 


94.7 


169.9 


76.0 


88.3 


23.5 


41.0 


18.4 


84.6 


Til 


5679.937 


2.47 


-0.57 


2.5 










1.2 


1.5 


6.8 














Til 


5953.162 


1.89 


-0.27 


2.5 


3.9 


13.0 


4.0 


5.0 


10.2 


19.1 


53.8 


4.5 


6.5 






4.4 


9.0 


Til 


5965.828 


1.89 


-0.35 


2.5 


3.0 


8.9 




2.1 


8.9 


16.3 


48.6 


6.8 


7.5 








7.7 


Til 


5978.543 


1.87 


-0.44 


2.5 


2.6 


4.7 


2.1 


4.6 


8.1 


12.9 


41.8 


4.4 


5.8 








5.3 


Til 


6258.104 


1.44 


-0.36 


2.5 


8.5 


15.1 


9.2 


9.9 


22.9 


36.1 


89.3 


18.3 


17.4 


4.5 


6.4 




27.4 


Til 


6258.709 


1.44 


-0.30 


2.5 


13.2 


20.4 


10.7 


10.4 


26.1 


51.0 


111.7 


24.8 


22.3 


5.6 


8.7 


5.4 


29.3 


Til 


6261.101 


1.43 


-0.42 


2.5 


7.4 


14.7 


7.3 


10.5 


20.8 


34.5 


90.5 


17.2 


16.1 


1.8 


4.6 




17.5 


Ti II 


4501.272 


1.12 


-0.75 


2.5 


128.5 


113.7 


130.1 


114.9 


143.9 


143.1 


183.7 


137.1 


159.8 


99.7 


132.2 


138.5 


162.5 


Ti II 


4563.761 


1.22 


-0.96 


2.5 


125.2 


104.8 


124.9 


109.1 


135.6 


139.6 


183.3 


126.4 


154.1 


92.6 


127.8 


130.5 


152.8 


Till 


4571.968 


1.57 


-0.53 


2.5 


139.1 


111.3 


125.8 


115.0 


141.0 






132.2 


153.9 


92.0 


131.7 


137.1 


161.1 


Till 


4589.958 


1.24 


-1.79 


2.5 


81.4 


71.3 


82.1 


74.0 


97.8 


99.4 


123.1 


91.1 


105.2 


49.6 


83.4 


74.4 


105.5 


Ti II 


4657.203 


1.24 


-2.23 


2.5 


46.7 


40.5 


48.5 


41.5 


67.2 


72.2 




61.3 


70.0 


20.3 


45.2 


35.1 


77.1 


Ti II 


4779.985 


2.05 


-1.37 


2.5 


52.0 


46.2 


45.0 


44.0 


65.0 


73.9 


92.6 


58.3 


59.5 


19.0 


45.8 


40.7 


72.0 


Ti II 


4805.085 


2.06 


-1.10 


2.5 


72.0 


61.5 


60.7 


58.7 




87.4 


114.1 


73.9 


73.1 


30.0 


62.3 


60.6 


89.9 


Ti II 


5129.152 


1.89 


-1.39 


2.5 


68.3 


56.2 


58.0 


52.5 


77.7 






72.0 


75.5 


24.4 


58.4 


49.8 




Ti II 


5154.070 


1.57 


-1.92 


2.5 


58.6 


52.2 


59.4 


51.9 


76.1 


80.3 


111.4 


67.0 


76.9 


25.5 


54.1 


42.6 


82.3 


Ti II 


5188.680 


1.58 


-1.21 


2.5 


107.3 




98.1 


98.2 


130.8 








127.6 


61.8 


105.3 


105.0 




Ti II 


5336.781 


1.58 


-1.66 


2.5 


65.1 


57.5 


64.2 


59.4 


81.4 




113.0 


72.9 


76.9 




63.8 


50.6 


100.1 


Till 


5418.770 


1.58 


-2.11 


2.5 


37.4 


32.2 


38.7 


33.9 


55.4 


60.6 


85.0 


47.5 


54.9 


13.3 


33.4 


23.9 


63.7 


CrI 


4496.842 


0.94 


-1.15 


2.5 








74.2 


119.5 


137.8 


183.5 








51.1 


39.8 


111.0 


CrI 


4540.734 


3.10 


0.03 


2.5 




11.5 


5.0 


8.1 


12.6 


22.0 


43.8 




3.2 






1.4 


12.7 


CrI 


4545.945 


0.94 


-1.37 


2.5 


27.2 


42.3 


26.0 


33.8 


58.1 


69.2 


122.5 


40.1 


49.0 


11.1 


19.7 


13.0 


63.6 


CrI 


4591.389 


0.97 


-1.74 


2.5 


10.9 


26.4 


14.2 


17.7 


38.1 


52.6 


117.4 


26.4 


28.7 


5.3 


10.0 


7.4 


41.9 


CrI 


4600.741 


1.00 


-1.26 


2.5 


26.4 


43.5 


25.9 


32.6 


58.4 


72.7 




46.7 


50.0 


11.0 


22.4 


15.6 


63.4 


CrI 


4616.120 


0.98 


-1.19 


2.5 


35.1 


48.2 


33.6 


38.1 


63.7 


74.6 


124.0 


51.5 


53.0 


13.4 


24.3 


17.7 


67.8 


CrI 


4626.174 


0.97 


-1.32 


2.5 


24.0 


38.0 


27.3 


31.8 


57.1 


67.4 


116.6 


43.7 


47.5 


11.3 


20.6 


15.3 


56.8 


CrI 


4646.148 


1.03 


-0.70 


2.5 


50.4 


65.3 


52.1 


56.8 


80.5 


87.5 


146.2 


71.9 


75.5 


26.8 


46.2 


31.9 


87.3 


Cr I 


4651.282 


0.98 


-1.46 


2.5 


24.2 


37.1 


20.9 


27.7 


51.0 


63.5 


117.0 


38.2 


37.5 


8.7 


16.9 


10.7 


54.1 


Cr I 


4652.152 


1.00 


-1.03 


2.5 


43.6 


54.7 


38.0 


44.5 


70.7 


82.9 


132.1 


58.1 


61.9 


18.2 


29.9 


21.4 


76.0 
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Element 


A (A) 




logs/ 


A76 


1 
1 





Q 
O 


A 
4 


c 



a 



I 


Q 
O 


y 


1 n 
1U 


1 -1 
11 


1 


1 Q 
1.1 


CrI 


4718.426 


3.20 


0.09 


2.5 


12.6 


14.3 


4.4 


11.8 


16.4 


30.2 


64.6 








8.1 


4.0 


19.4 


CrI 


5206.038 


0.94 


0.02 


2.5 


99.7 


105.8 


101.7 


96.0 


126.5 


134.0 




112.3 


131.9 


71.6 


92.7 


90.4 


135.8 


CrI 


5208.419 


0.94 


0.16 


2.5 


114.8 












335.5 








105.7 


128.0 




CrI 


5247.566 


0.96 


-1.64 


2.5 


16.8 


32.9 


20.9 


24.6 


48.2 


60.7 


122.4 


33.5 


38.4 


7.5 


14.7 


7.7 


50.9 


CrI 


5345.801 


1.00 


-0.98 


2.5 


47.4 


61.0 


47.6 


51.7 


83.4 


90.9 


159.0 


64.7 


79.0 


22.0 


37.0 


24.8 


84.5 


CrI 


5348.312 


1.00 


-1.29 


2.5 


25.3 


46.7 


31.5 


37.0 


64.2 


74.6 


137.5 


49.3 


55.9 


12.8 


23.2 


14.3 


67.9 


CrI 


5409.772 


1.03 


-0.71 


2.5 


55.6 


74.3 


61.5 


64.1 


96.8 


115.6 


172.6 


82.9 


93.1 


31.0 


52.1 


38.7 


100.9 


CrI 


6330.093 


0.94 


-2.92 


2.5 




3.6 




4.1 


7.1 


13.2 


55.9 




6.4 








7.2 


Cr II 


4558.650 


4.07 


-0.66 


2.5 


50.4 


42.5 


32.7 


38.0 


53.2 


62.2 




45.8 


45.4 


17.3 


41.0 


51.4 


68.3 


Cr II 


4588.199 


4.07 


-0.63 


2.5 


35.4 


33.5 


20.5 


30.8 


41.2 


50.1 


62.4 


37.3 


36.1 


10.6 


31.6 


41.2 


54.6 


Cr II 


4634.070 


4.07 


-1.24 


2.5 


22.9 


21.6 


11.4 


17.0 


28.5 


40.7 


67.5 


21.3 




4.8 


17.3 


21.3 


32.1 


Cr II 


4848.235 


3.86 


-1.14 


2.5 


29.5 


25.1 


15.9 


22.8 


33.6 


42.3 




23.6 


25.4 




23.6 


25.9 


43.9 


CrII 


5237.329 


4.07 


-1.16 


2.5 


20.8 


17.6 


10.6 


15.5 


24.0 


30.2 


44.7 


19.8 


13.9 


5.1 


13.6 


17.9 


31.3 


Mn I 


4754.040 


2.28 


-0.09 


2.5 


24.7 


45.1 


23.6 


32.9 


61.2 


80.2 


130.3 


45.3 


45.1 




26.0 


16.5 


72.6 


Mn I 


4823.496 


2.32 


0.14 


1.5 


37.0 


51.5 


23.0 


42.1 


69.3 


78.8 


134.0 


52.8 


63.3 


10.8 


31.2 


21.7 




Fc I 


4489.739 


0.12 


-3.93 


2.0 


70.4 


76.4 


96.5 


80.7 


110.3 


106.4 


179.2 


99.7 


133.8 


63.6 


68.2 


42.3 


117.5 


Fcl 


4494.563 


2.20 


-1.14 


2.0 


91.5 


95.8 


99.3 


89.8 


120.6 


132.7 


205.1 


110.8 


120.5 


68.7 


88.3 


79.2 


128.6 


Fcl 


4528.614 


2.17 


-0.88 


2.0 




110.3 


117.9 


111.9 


161.6 




350.9 


135.0 


159.3 


85.7 


113.7 


105.9 


190.9 


Fcl 


4531.148 


1.48 


-2.13 


2.0 


82.2 


81.4 


96.3 


85.8 


118.8 






107.4 


132.2 


65.6 


78.3 


67.6 


119.6 


Fc I 


4556.126 


3.60 


-0.79 


2.0 


27.5 


50.9 


29.1 


39.7 


60.6 


70.8 




48.2 




11.8 


27.3 






Fc I 


4592.651 


1.56 


-2.46 


2.0 


62.4 




81.5 


78.0 


108.8 




204.0 


91.0 


115.7 


44.9 


63.7 


48.4 


124.3 


Fc I 


4602.000 


1.61 


-3.14 


2.0 


20.4 


37.6 


34.5 


32.7 


59.5 


68.3 


118.3 


45.9 


55.3 


12.7 


18.5 


12.4 


65.2 


Fcl 


4602.941 


1.48 


-2.21 


2.0 


76.0 




93.0 


83.5 


110.1 


111.1 


173.9 


99.9 


122.3 


64.0 


78.4 


62.3 


119.1 


Fcl 


4619.287 


3.60 


-1.12 


2.0 


18.5 


34.1 


17.1 


24.1 


39.9 


55.6 


89.6 


29.8 


26.9 


6.3 


14.8 


15.1 


46.3 


Fc I 


4625.044 


3.24 


-1.34 


2.0 




42.9 


24.4 


31.1 


53.9 


63.9 




41.2 


35.5 


10.6 


21.1 


18.9 


59.0 


Fc I 


4630.120 


2.28 


-2.59 


2.0 


24.7 


32.3 


23.4 


26.8 


52.4 


65.3 


122.8 


38.8 


43.0 


9.5 


16.9 


11.5 


57.9 


Fc I 


4637.503 


3.28 


-1.39 


2.0 


27.0 


38.6 


20.7 


26.3 


47.9 


60.8 


100.1 


36.8 


31.6 


8.1 


17.0 


14.2 


53.0 


Fc I 


4638.010 


3.60 


-1.12 


2.0 


24.1 


35.7 


16.7 


24.7 


44.0 


54.6 


96.4 


31.4 




6.7 


15.2 


12.6 


46.0 


Fcl 


4647.434 


2.95 


-1.33 


2.0 


49.0 


53.8 


39.9 


43.5 


70.3 


78.9 


141.5 


58.7 


54.6 


17.0 


32.5 


27.2 


76.6 


Fcl 


4669.171 


3.65 


-1.31 


2.0 


14.2 


24.9 


8.2 


16.8 


33.0 


44.7 




22.5 




6.1 








Fcl 


4678.846 


3.60 


-0.75 


2.0 


29.1 


52.4 


28.1 


42.8 


60.6 


72.5 


106.1 


50.9 




14.0 


27.9 


27.1 


62.8 


Fc I 


4691.411 


2.99 


-1.49 


2.0 


32.7 


54.4 


35.0 


40.7 


73.1 


94.3 


164.7 


58.2 


51.8 


13.1 


25.0 


21.2 


77.0 


Fc I 


4710.283 


3.02 


-1.61 


2.0 


38.1 


44.3 


26.4 


30.8 


63.0 


81.0 




47.9 


39.4 


10.4 


18.8 


14.8 


63.2 


Fcl 


4728.546 


3.65 


-1.17 


2.0 




29.8 


12.8 


20.0 


35.0 


54.8 




25.6 


22.5 


2.2 


12.1 


13.2 


41.9 


Fcl 


4733.591 


1.48 


-2.99 


2.0 


46.0 


56.2 


55.1 


50.2 


80.9 


85.6 


146.5 


67.7 


81.0 


24.4 


34.7 


21.1 


86.7 



Table 1 — Continued 



Element 


A (A) 






A76 


1 
1 



z 


Q 
O 


A 
4 





a 





Q 
O 


y 


1 n 
1U 


1 -1 
11 


1 


1 Q 


Fel 


4736.773 


3.21 


-0.75 


2.0 




71.1 


56.7 


61.5 


86.0 


91.8 


139.8 


75.6 


76.9 


31.0 


51.1 


45.8 


95.1 


Fel 


4741.529 


2.83 


-1.88 


2.0 




30.0 


19.4 


22.1 


41.0 


53.8 


93.4 


31.2 


26.4 


5.7 


12.8 


11.6 


45.4 


Fe I 


4871.318 


2.87 


-0.39 


2.0 


95.1 


103.3 


91.7 


95.4 


119.3 


128.0 


177.6 


104.8 


112.8 


64.2 


87.3 


84.1 


127.1 


Fe I 


4872.137 


2.88 


-0.58 


2.0 


82.7 


90.3 


81.4 


84.8 


109.0 






95.0 


103.8 


52.7 


75.8 


70.5 


119.7 


Fe I 


4882.144 


3.42 


-1.64 


2.0 


20.1 


23.6 


10.4 


14.9 


30.8 


43.6 


83.4 


22.1 


16.3 


6.0 


8.7 


7.9 


34.3 


Fe I 


4890.755 


2.88 


-0.41 


2.0 


109.4 


101.9 


90.0 


93.8 


119.9 


127.9 


183.3 


110.0 


110.6 


62.5 


85.9 


82.5 


126.1 


Fel 


4891.492 


2.85 


-0.13 


2.0 


104.3 


115.7 


102.7 


102.4 


128.6 


129.4 


195.2 


117.4 


122.8 


74.2 


98.2 


98.3 


135.3 


Fe I 


4918.994 


2.87 


-0.36 


2.0 


95.0 


106.4 


92.5 


90.0 


120.7 


129.1 




108.0 


110.8 


66.0 


86.8 


84.5 


130.1 


Fe I 


4920.503 


2.83 


0.06 


2.0 






113.7 


116.0 










141.7 


87.0 


114.0 


115.6 


157.8 


Fe I 


4924.770 


2.28 


-2.23 


2.0 


35.3 


52.3 


42.4 


45.5 


72.3 


80.6 


127.3 


57.3 


64.1 


17.5 


29.1 


20.8 


78.0 


Fe I 


4938.814 


2.88 


-1.08 


2.0 


54.2 


69.0 


59.2 


60.4 


80.3 


86.9 


138.6 


72.2 


74.7 


31.0 


48.6 


42.8 


89.5 


Fel 


4939.687 


0.86 


-3.31 


2.0 


60.8 


72.8 


86.6 


71.6 


101.8 


100.5 


175.4 


89.0 


115.0 


48.8 


58.3 


35.0 


107.9 


Fel 


4946.385 


3.37 


-1.17 


2.0 


45.9 


44.0 


21.8 


31.7 


54.3 


67.1 


109.7 


45.0 


38.1 


9.6 


22.7 


19.3 


62.0 


Fe I 


4985.253 


3.93 


-0.56 


2.0 


26.2 


43.1 


21.5 


32.0 


46.9 


63.3 




40.8 


56.7 


8.4 


21.4 


22.4 


53.9 


Fe I 


4985.547 


2.86 


-1.33 


2.0 


38.6 


56.6 


41.9 


48.3 


70.8 


79.9 




62.0 




19.3 


33.3 


29.4 


81.6 


Fe I 


4994.130 


0.91 


-2.97 


2.0 


68.0 


79.4 


94.5 




112.8 


107.9 


168.1 


96.6 




59.2 


69.2 


49.2 


118.5 


Fel 


5001.862 


3.88 


0.01 


2.0 


50.6 


64.1 


38.3 


52.0 


71.8 


82.2 


115.6 


62.5 


54.7 


22.2 


41.2 


42.4 


80.2 


Fel 


5006.119 


2.83 


-0.64 


2.0 


80.8 


93.3 


84.6 


86.0 


109.7 


113.7 


165.0 


97.9 


101.2 


55.3 


75.3 


70.1 


117.0 


Fel 


5012.068 


0.86 


-2.62 


2.0 


91.8 


104.6 


120.8 


101.5 


134.8 


137.9 


212.7 


121.5 


149.3 


88.3 


100.0 


82.8 


146.6 


Fe I 


5022.236 


3.98 


-0.53 


2.0 


29.1 


43.4 


22.5 


30.4 


49.2 


61.8 


97.2 


39.6 


29.6 


9.0 


19.9 


21.6 


56.5 


Fe I 


5028.127 


3.57 


-1.12 


2.0 


18.8 


32.9 


15.7 


20.4 


36.1 


49.1 


91.4 


29.5 




5.0 


12.2 


11.4 


43.8 


Fe I 


5044.212 


2.85 


-2.06 


2.0 




27.3 


17.9 


20.0 


40.2 


49.0 


96.0 


27.1 


26.1 


5.2 


12.7 


6.1 


42.0 


Fel 


5049.819 


2.28 


-1.35 


2.0 


80.4 


83.0 


86.2 


82.0 


109.6 


110.8 


172.8 


97.8 


108.9 


53.1 


73.1 


61.6 


116.0 


Fel 


5051.635 


0.91 


-2.76 


2.0 


82.7 


93.7 


108.8 


92.7 


127.6 


130.2 




113.1 


140.2 


75.6 


82.8 


67.6 


135.0 


Fe I 


5068.766 


2.94 


-1.13 


2.0 


57.7 


68.4 


54.0 


60.4 


83.4 


91.5 


131.2 


71.7 


72.5 


29.4 


41.7 


36.8 


90.4 


Fe I 


5079.224 


2.20 


-2.09 


2.0 


48.1 


64.0 


57.0 


58.0 


84.8 


91.0 




74.2 


79.2 


26.9 


41.6 


32.3 




Fe I 


5079.740 


0.99 


-3.23 


2.0 


81.4 


70.9 


81.3 


72.7 








93.1 


111.0 


46.6 


57.0 


34.3 




Fe I 


5083.339 


0.96 


-2.84 


2.0 


76.5 


81.8 


99.8 


83.0 


112.5 


112.6 


180.2 


103.4 


126.5 


65.2 


72.5 


52.7 


120.2 


Fel 


5098.697 


2.17 


-2.03 


2.0 


59.6 




67.9 


69.1 


108.4 






89.8 


97.8 


34.7 


52.6 


45.5 


126.1 


Fel 


5110.413 


0.00 


-3.76 


2.0 


89.2 


102.5 


124.1 


104.9 


138.6 


137.4 


230.3 


123.5 


152.9 


92.0 


97.0 


70.2 


147.3 


Fe I 


5123.720 


1.01 


-3.06 


2.0 


99.7 


78.9 


89.8 


80.9 


115.1 


116.1 




101.6 


121.6 


57.4 


65.7 


44.0 


121.3 


Fe I 


5150.840 


0.99 


-3.02 


2.0 




75.9 


86.0 


74.8 


104.1 


105.3 


176.7 


91.6 


108.9 


49.5 


62.1 


42.0 


112.8 


Fe I 


5151.911 


1.01 


-3.32 


2.0 


74.0 


67.4 


74.7 


64.6 


95.8 


99.0 




82.8 


100.2 


37.1 


47.9 


29.3 


104.2 


Fel 


5192.344 


3.00 


-0.42 


2.0 


80.3 


93.6 


81.5 


81.8 


105.3 


115.1 




93.3 




47.7 


74.2 


73.4 


103.3 


Fel 


5194.942 


1.56 


-2.06 


2.0 


79.8 


88.5 


102.7 


89.1 


113.5 


114.2 


186.2 






76.0 


82.3 


67.1 


120.5 
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Kleiner it 


A (AJ 


hj.r. 


logs/ 


A76 


-1 
1 





Q 
O 


A 

4 


r 






»7 
I 


Q 

o 



y 


1 n 
1U 


1 1 
11 


1 


1 Q 


Fel 


5198.711 


2.22 


-2.11 


2.0 


39.4 


57.8 


52.8 


51.2 




86.2 


139.4 






24.1 


34.8 


26.0 


84.6 


Fel 


5202.336 


2.18 


-1.85 


2.0 


61.7 


82.7 


74.6 


76.7 


103.8 




177.6 


92.6 


96.0 


40.5 


59.0 


47.1 


117.6 


Fel 


5215.182 


3.27 


-0.87 


2.0 


41.3 


57.8 


39.7 


48.3 


70.8 


79.9 


115.9 


59.3 


56.9 


18.6 


33.8 


29.9 


77.0 


Fel 


5216.274 


1.61 


-2.11 


2.0 


73.9 


82.4 


92.9 


84.8 


112.0 


110.7 


174.3 


101.9 


119.2 


63.2 


76.8 


60.3 


119.9 


Fel 


5217.390 


3.21 


-1.11 


2.0 


36.9 


53.0 


36.2 


42.5 


65.6 


75.9 


116.8 


53.5 


46.9 


16.1 


28.7 


24.5 


72.9 


Fel 


5225.525 


0.11 


-4.77 


2.0 


25.4 


47.6 


59.7 


45.6 


83.6 


85.8 


164.6 


69.3 


93.7 


23.9 


27.8 


9.4 


87.0 


Fel 


5227.190 


1.56 


-1.23 


2.0 


120.8 


134.1 


143.1 


129.8 


163.5 


164.3 




148.4 




111.9 


131.3 


125.0 


173.5 


Fel 


5232.940 


2.94 


-0.10 


2.0 


99.5 


118.3 


103.7 


104.2 


127.0 


135.3 


198.5 


115.9 


119.8 


75.8 


96.7 


94.4 


140.0 


Fel 


5242.491 


3.63 


-0.90 


2.0 


23.4 


37.9 


17.9 


28.7 


42.2 


57.8 


93.9 


34.0 


25.6 


6.5 


15.8 


16.0 


51.9 


Fel 


5250.210 


0.12 


-4.92 


2.0 


18.7 


39.8 


50.7 


36.6 


73.7 


74.9 


160.5 


55.6 


77.7 


18.7 


22.7 


6.7 


79.0 


Fc I 


5250.646 


2.20 


-2.11 


2.0 


46.3 


62.4 


57.0 


56.1 


83.4 


86.2 




69.1 


73.3 


27.0 


42.2 


29.7 


91.8 


Fel 


5263.305 


3.27 


-0.92 


2.0 


43.0 


61.9 


39.5 


48.3 


72.4 


71.9 


132.4 


61.9 


56.3 


19.4 


33.4 


29.9 


79.2 


Fel 


5269.537 


0.86 


-1.32 


2.0 


144.0 


173.1 


176.5 


159.8 


203.9 


217.1 


393.5 


182.2 


214.8 


145.5 


158.7 


150.9 


214.1 


Fel 


5307.361 


1.61 


-2.95 


2.0 


31.2 


50.4 


48.7 


45.7 


77.0 


81.1 


136.3 


61.1 


72.7 


18.3 


28.0 


17.3 


81.5 


Fe I 


5328.039 


0.92 


-1.47 


2.0 


139.4 


158.3 


167.3 


147.7 


188.1 






171.9 


200.1 


136.2 


152.8 


150.8 


201.5 


Fe I 


5328.532 


1.56 


-1.85 


2.0 


93.6 


102.6 


113.3 


101.9 


133.2 






120.2 


138.5 


83.9 


98.7 


91.5 


146.5 


Fel 


5332.900 


1.56 


-2.86 


2.0 


39.3 


58.2 


58.9 


52.4 


83.9 


82.7 




71.5 


81.1 


26.3 


37.4 


23.9 


89.3 


Fel 


5339.930 


3.27 


-0.68 


2.0 


57.5 


70.1 


51.9 


60.3 


81.8 




134.2 


66.6 


70.1 


27.9 


46.4 


42.6 


102.3 


Fel 


5341.024 


1.61 


-2.01 


2.0 


89.3 




105.4 


96.3 


125.2 


131.7 




109.5 


135.0 


74.9 


90.2 




137.1 


Fel 


5373.698 


4.47 


-0.86 


2.0 




12.2 


3.3 


8.1 


13.8 


23.4 


46.0 


11.1 


5.9 






5.7 


15.5 


Fel 


5379.573 


3.70 


-1.50 


2.0 




14.6 


4.4 




18.9 


28.5 


61.8 


11.7 




2.0 






20.6 


Fe I 


5393.167 


3.24 


-0.81 


2.0 


53.4 


69.4 


50.1 


58.7 


82.2 


88.4 


137.7 


69.2 


70.6 


25.8 


42.8 


40.5 


90.4 


Fc I 


5405.775 


0.99 


-1.85 


2.0 


117.6 


125.4 


149.2 


126.3 


168.3 


172.0 


259.4 


159.2 


190.1 


121.5 


128.4 


116.9 


175.3 


Fel 


5429.696 


0.96 


-1.88 


2.0 


117.7 


134.2 


150.9 


128.7 


167.8 


172.6 




149.1 


175.3 


118.0 


131.8 


121.9 




Fc I 


5434.524 


1.01 


-2.12 


2.0 


106.5 


112.6 


132.7 




163.9 


136.9 


233.9 


140.0 


133.4 




114.6 


100.2 




Fc I 


5455.609 


1.01 


-2.09 


2.0 














327.4 




204.7 


98.6 


135.7 


133.6 




Fc I 


5560.207 


4.43 


-1.19 


2.0 


3.1 


7.6 


3.2 


5.1 


9.0 


15.3 


33.6 


5.1 


3.9 








10.1 


Fc I 


5569.618 


3.42 


-0.51 


2.0 


48.7 


71.7 


52.9 


59.2 


81.4 


94.3 


135.5 


71.8 


68.7 


26.9 


45.5 


42.4 


87.3 


Fel 


5572.841 


3.40 


-0.29 


2.0 


66.4 


81.7 


64.8 


68.4 


95.4 


103.9 




83.1 


86.5 


37.9 


59.0 


54.6 


103.9 


Fel 


5576.090 


3.43 


-1.00 


2.0 


38.1 


54.4 


33.8 


42.5 


64.6 


77.1 


117.2 


54.4 


49.0 


15.5 


30.1 


28.8 


71.5 


Fel 


5586.756 


3.37 


-0.14 


2.0 


78.6 


92.3 


75.2 


80.6 


106.7 


114.1 


160.0 


93.7 


93.4 


48.2 


68.6 


66.7 


114.6 


Fel 


5615.644 


3.33 


-0.04 


2.0 


77.1 


100.6 


88.4 


88.8 


112.7 


122.0 


180.3 


101.3 


104.2 


57.2 


80.3 


75.8 


123.1 


Fc I 


5658.816 


3.40 


-0.84 


2.0 


42.7 


60.3 


41.9 


49.0 


76.7 






61.3 


57.1 


17.6 


33.5 


31.6 


78.8 


Fel 


5679.025 


4.65 


-0.92 


2.0 




























Fel 


5717.835 


4.29 


-1.13 


2.0 


8.7 


10.2 


3.5 


5.8 


14.7 


23.4 


46.3 


10.5 


4.1 






1.3 


14.5 



Table 1 — Continued 



Element A (A) E.P. log gf A76 1 2 3 4 5 6 7 8 9 10 11 12 13 



Fel 


5775.080 


4.22 


-1.30 


2.0 


4.3 


10.4 


4.7 


6.4 


Fel 


6012.204 


2.22 


-4.04 


2.0 




3.4 


1.6 


1.7 


Fe I 


6016 604 


3.55 


-1.82 


2.0 




8.5 






Fe I 


6027 048 


4.08 


-1.15 


2.0 


8.3 


16.6 


5.5 


9.7 


Fe I 


6055 992 


4.73 


-0.46 


2.0 


8.6 


15.1 


6.7 


12.7 


Fel 


6065.481 


2.61 


-1.47 


2.0 


51.3 


68.5 


61.2 


62.9 


Fel 


6078.999 


4.65 


-1.12 


2.0 




8.4 




3.5 


Fe I 


6082.709 


2.22 


-3.57 


2.0 




7.0 


2.1 


4.0 


Fe I 


61 27 904 


4.14 


-1.40 


2.0 


3.3 


7.6 


3.2 




Fe I 


6151.618 


2.18 


-3.30 


2.0 


4.6 




8.8 


10.3 


Fe I 


61 57 725 


4.08 


-1.26 


2.0 


10.1 


14.0 


5.1 


8.2 


Fel 


6173.341 


2.22 


-2.88 


2.0 


13.3 


26.1 


18.6 




Fel 


6180.203 


2.73 


-2.62 


2.0 




13.4 


6.7 


8.7 


Fel 


6213.429 


2.22 


-2.57 


2.0 


22.9 


42.3 


32.3 


34.9 


Fe I 


6219 280 


2.20 


-2.43 


2.0 


28.1 


48.3 


41.0 


40.9 


Fe I 


6230 723 


2.56 


-1.28 


2.0 


67.7 


84.7 


81.6 


80.8 


Fel 


6240 645 


2.22 


-3.20 


2.0 


4.1 


12.6 


9.4 


9.0 


Fel 


6246.318 


3.60 


-0.88 


2.0 


31.7 


52.0 


30.0 


37.3 


Fel 


6252.555 


2.40 


-1.73 


2.0 


55.3 


74.2 


69.7 


69.8 


Fe I 


6254 257 


2.28 


-2.44 


2.0 


30.7 


52.7 


37.8 


39.7 


Fe I 


6322.684 


2.59 


-2.44 


2.0 


12.7 




22.0 


21.0 


Fe I 


UOOO.OOU 


2 20 


-2 20 


9 n 


ou.o 


i .0 


04.0 


00. 


Fe I 


6344.148 


2.43 


-2.90 


2.0 




16.1 


9.5 


11.9 


Fel 


6355.029 


2.84 


-2.36 


2.0 




20.2 


11.2 




Fe I 


6380.742 


4.19 


-1.39 


2.0 






5.5 


4.4 


Fe I 


6393.601 


2.43 


-1.58 


2.0 


62.9 


77.8 


77.0 


72.9 


Fe I 


6481.869 


2.28 


-2.98 


2.0 


8.2 


21.7 


15.7 


16.6 


Fe I 


6494.980 


2.40 


-1.26 


2.0 


67.6 


92.7 


92.8 


89.2 


Fel 


6498.940 


0.96 


-4.69 


2.0 


8.5 


14.2 


19.5 


11.4 


Fel 


6592.913 


2.73 


-1.54 


2.0 


46.2 


63.8 


55.0 


49.2 


Fel 


6593.868 


2.43 


-2.39 


2.0 


20.4 


37.8 


29.8 


28.2 


Fe I 


6609.109 


2.56 


-2.68 


2.0 


7.7 


20.7 


11.4 


13.7 


Fe I 


6750.152 


2.42 


-2.61 


2.0 


15.2 


29.5 


23.0 


22.8 


Fell 


4508.289 


2.86 


-2.32 


2.5 


74.3 


60.6 


61.6 


61.8 


Fell 


4515.339 


2.84 


-2.48 


2.5 


67.0 


54.5 


53.5 


54.7 



11.7 


20.5 


45.8 




7.9 








13.1 


5.6 


9.0 


36.5 












0.4 


10.7 


22.7 


68.4 


7.3 


11.3 








15.3 


14.9 


27.8 


58.2 


10.9 


7.0 


1.9 




3.6 


21.8 


15.3 


26.4 


47.9 


10.7 


5.4 


3.2 


6.9 


9.3 


18.4 


90.5 


96.7 


153.6 


77.3 


83.6 


28.7 


46.6 


36.1 


97.8 


5.5 


10.5 


24.7 




2.3 








7.6 


10.9 


20.4 


62.8 


7.9 


7.4 








13.8 


9.7 


15.8 


36.8 


3.5 


2.1 










21.2 


31.2 


86.2 


14.6 


15.2 


3.7 


4.6 


3.1 


22.2 


16.6 


28.3 


63.4 


11.3 










18.4 


43.3 


53.2 


107.7 


32.6 


35.6 


7.2 




6.1 


47 .4 


19.7 


30.1 


80.3 


14.5 


14.9 






5.2 


23.0 


58.9 


68.3 


125.0 


47.9 


48.6 


11.4 


19.6 


14.6 


66.7 


68.7 


75.9 


134.4 


54.5 


58.3 


15.2 


24.9 


18.8 


75.7 


106.4 


111.2 


193.7 


94.1 


106.2 


47.1 


65.6 


56.0 


116.4 


21.8 


29.0 


83.9 




16.2 


1.5 






22.2 


60.4 


68.1 


112.3 


45.5 


42.1 


11.8 


23.0 


22.2 


63.5 


97.3 


98.0 


159.6 


84.4 


93.6 


34.4 


51.1 


40.9 


102.1 


73.0 


82.1 


135.3 


57.5 


64.1 


13.6 


27.3 


19.3 


73.7 


41.3 


56.5 


101.5 


30.6 


31.9 


5.7 


11.0 


10.2 


48.8 


81.9 


89.9 


147.0 


68.7 


77.7 


21.7 


35.7 


25.7 


87.2 


28.2 


38.6 


94.8 


20.6 


20.8 


1.2 


4.2 


2.6 


30.3 


30.3 


43.0 


97.9 


22.1 


20.1 


6.0 








11.3 


16.9 


40.7 




3.6 






1.9 


11.4 


100.1 


107.0 


163.7 


91.4 


102.2 


41.2 


54.8 


44.9 


109.6 


34.8 


48.4 


102.5 


22.9 


25.8 


3.7 


9.2 




31.8 


117.1 


115.8 


191.9 


104.2 


116.6 


58.3 


76.9 


64.1 


122.0 


32.4 


42.4 


114.8 


21.4 


32.8 


4.3 


4.4 


2.0 


34.9 


84.1 


89.6 


144.9 


71.5 


77.8 


24.9 


40.0 


33.6 


87.3 


58.5 


68.0 


121.7 


41.9 


48.7 


10.3 


17.7 


13.2 


62.0 


31.6 


43.4 


96.0 


22.1 


22.2 


5.4 


6.7 




36.7 


48.0 


58.9 


113.4 


36.5 


36.6 


6.5 


13.9 




51.6 


79.2 


81.7 


103.2 


71.6 


76.3 


41.4 


64.5 


80.9 


95.5 


73.8 


80.2 




63.3 


67.6 


33.0 


62.0 


72.3 


93.0 



Table 1 — Continued 



Element 


A (A) 


E.P. 


log9/ 


A76 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Fe 11 


4522.634 


2.84 


-2.11 


2.5 


97.1 






79.2 












54.6 


90.0 


102.4 




17 TT 
Fe 11 


4576.339 


2.84 


-2.95 


2.5 


51.1 


37.1 


33.5 


35.5 


50.1 


57.9 




45.1 


41.7 


15.3 


38.6 


44.7 


67.7 


T-i TT 

Fe 11 


4583.837 


2.81 


-1.92 


2.5 


100.1 


84.3 


91.4 


85.7 


108.3 


112.5 


170.1 


99.4 


105.3 


69.0 


100.5 


117.6 




17 TT 
Fe 11 


4629.339 


2.81 


-2.37 


2.5 


72.5 


60.8 


63.8 


62.3 


81.3 


85.6 


113.7 


73.6 


76.2 


41.7 


69.7 


81.1 


97.6 


t-i TT 

Fe 11 


4923.927 


2.89 


-1.32 


2.5 


120.3 


99.5 


111.0 


107.2 


127.8 


130.7 


154.6 


116.5 


129.2 


90.0 


123.3 


150.4 


151.0 


t-i TT 

Fe 11 


5018.440 


2.89 


-1.23 


2.5 


139.2 


112.1 


122.8 


116.5 


145.3 


148.8 




129.6 


145.5 


99.1 


137.8 


165.3 


173.6 


t-i TT 

Fe 11 


5197.576 


3.23 


-2.17 


2.5 


56.8 


51.4 


46.5 


50.5 




74.3 


96.6 








52.3 


65.9 


89.2 


i7 TT 
Fe 11 


5234.630 


3.22 


-2.21 


2.5 


62.7 


55.2 


51.0 


51.7 


69.1 


71.7 


95.4 


61.8 


61.5 


30.3 


60.9 


70.8 


89.6 


TT 

Fe 11 


5276.002 


3.20 


-2.04 


2.5 


74.0 


68.8 


61.9 


63.7 


85.3 


92.2 




76.1 


73.2 


37.1 


71.6 


77.6 




17 TT 
Fe 11 


5316.615 


3.15 


-2.02 


2.5 


94.7 




















86.4 


135.8 




i7 TT 
Fe 11 


5325.560 


3.22 


-2.91 


2.5 


15.0 


15.4 


12.0 


13.8 


21.1 


31.4 


38.8 


18.9 


16.1 


5.0 


13.8 


14.9 


31.6 


i7 TT 
Fe 11 


6247.562 


3.89 


-2.33 


2.5 


22.0 


20.1 


15.6 


17.9 


25.2 


34.2 


43.7 


23.5 


20.5 


5.5 


16.4 


23.3 


37.1 


i7 TT 
Fe 11 


6456.391 


3.90 


-2.08 


2.5 


32.6 


27.6 


21.3 


22.8 


38.3 


44.6 


53.6 


32.5 


29.6 


8.4 


26.8 


29.3 


52.4 


T.T- T 

Ni 1 


4714.408 


3.38 


0.23 


2.5 




56.5 


37.4 


46.8 


68.0 


82.8 


119.5 


58.0 


53.8 


17.4 


38.4 


28.8 


68.8 


AT- T 

Ni 1 


4715.757 


3.54 


-0.34 


2.5 




24.0 


7.1 


12.8 


24.4 


42.5 








2.1 


11.6 


4.0 


22.3 


T.T- T 

Ni 1 


4756.510 


3.48 


-0.34 


2.5 


16.2 


25.4 


12.8 


16.8 


30.8 


44.4 


67.4 


26.2 


23.2 


5.1 


12.5 


9.4 


33.5 


XT' T 

Ni 1 


4786.531 


3.42 


-0.17 


2.5 


35.4 


36.8 


20.6 


26.5 


47.3 


62.9 


91.1 






5.6 


20.8 




46.0 


TU- T 

Ni 1 


4829.016 


3.54 


-0.33 


2.5 


17.4 


25.9 


12.8 


18.1 


30.4 


42.6 


66.7 




20.6 


3.3 


13.1 


8.4 


33.1 


XT' T 

Ni 1 


4831.169 


3.61 


-0.42 


2.5 


15.6 


19.9 


10.8 


14.6 


24.5 


36.3 


57.3 






2.1 


12.3 




26.2 


TU- T 

Ni 1 


4904.407 


3.54 


-0.17 


2.5 


19.0 


31.6 


18.3 


24.4 


37.5 


50.6 




28.3 


28.2 




18.4 


10.1 


39.7 


T.T- T 

Ni 1 


4937.341 


3.61 


-0.39 


2.5 


20.6 


20.6 


12.1 


14.0 


23.7 


31.0 


68.0 


17.8 


15.0 


4.0 


8.1 


5.2 


22.2 


XT' T 

Ni 1 


5035.357 


3.64 


0.29 


2.5 


30.7 


42.9 


26.8 


32.9 


48.8 


60.6 


84.9 


41.4 


40.6 


9.7 


24.9 


19.8 


53.1 


XT' T 

Ni 1 


5081.107 


3.85 


0.30 


2.5 


27.2 


34.5 


19.9 


28.0 


40.0 


55.4 


78.0 


37.0 


31.0 


7.7 


22.4 


15.1 


46.0 


^ T- T 

Ni 1 


5084.089 


3.68 


0.03 


2.5 


19.7 


33.4 


17.3 


22.8 


37.1 


51.5 


70.7 


30.4 




6.4 


16.9 




39.4 


Ni I 


5115.389 


3.83 


-0.11 


2.5 


11.6 


21.3 


10.3 


13.9 


21.8 


34.7 


51.3 


17.7 




3.1 


9.8 


7.6 


27.0 


Ni I 


5146.480 


3.71 


0.12 


2.5 


22.5 


28.0 


14.3 


20.3 


32.2 


47.6 


73.4 


25.9 


24.2 


4.6 


15.0 


8.4 


34.5 


Ni I 


5155.762 


3.90 


-0.09 


2.5 




19.2 


7.6 


13.7 


21.4 


29.1 


52.4 


15.5 


13.4 


1.3 


9.0 


6.4 


23.0 


Ni I 


5587.853 


1.94 


-2.14 


2.5 


8.1 


15.0 


9.3 


12.6 


27.4 


38.5 


83.1 


20.0 


24.6 


3.4 


5.8 




25.8 


Ni I 


5592.259 


1.95 


-2.57 


2.5 


9.1 


17.3 


9.2 


10.4 


27.2 


42.2 


92.4 


17.9 


22.9 






4.2 


30.0 


Ni I 


5711.883 


1.94 


-2.27 


2.5 


11.2 


23.2 


12.3 


16.6 


32.9 


48.7 




21.4 


28.6 


4.1 


11.1 




38.0 


Ni I 


6108.107 


1.68 


-2.45 


2.5 




19.3 




12.3 


38.4 


47.3 


98.8 






4.0 


8.6 


4.3 


35.6 


Ni I 


6256.351 


1.68 


-2.48 


2.5 


24.3 


44.3 


34.1 


34.6 


66.3 


74.9 


132.4 


52.0 


62.2 


12.6 


22.3 


13.1 


35.9 


Ni I 


6482.796 


1.94 


-2.63 


2.5 


1.3 


11.2 


2.8 


4.8 


12.5 


22.0 


61.6 


9.0 


12.7 




4.9 




64.5 


Ni I 


6643.629 


1.68 


-2.30 


2.5 


19.6 


39.7 


32.3 


32.3 


64.0 


73.9 


133.5 


48.3 


65.8 


7.4 


20.8 


3.7 


60.0 


Nil 


6767.768 


1.83 


-2.17 


2.5 


18.5 


33.2 


27.8 


27.9 


53.2 


65.3 


115.5 


41.8 




8.3 


17.2 


12.4 


55.2 
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Element 


A (A) 


E.P. 




A76 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


Zn I 


4680.134 


4.01 


-0.82 


1.5 




14.9 


5.6 


11.2 




25.5 




10.4 


32.3 


2.9 




3.1 




Zn I 


4722.153 


4.03 


-0.34 


1.5 




27.3 


19.3 


22.6 


36.6 


45.2 


48.8 


30.6 


45.6 


8.8 


22.4 


16.0 


35.5 


Zn I 


4810.528 


4.08 


-0.14 


1.5 


31.3 


34.9 


24.5 


31.0 


43.8 


53.3 


57.4 


38.5 


51.3 


12.3 


32.0 


18.9 


43.8 


Yll 


4900.120 


1.03 


-0.13 


2.5 




30.5 


29.0 


30.7 


57.8 


62.6 








14.3 


31.1 


28.3 




Yll 


5087.416 


1.08 


-0.31 


2.5 


61.8 


22.0 


19.1 


21.5 


44.6 


50.7 


72.8 


36.1 


25.2 


9.4 


16.9 


17.5 


31.6 


Ball 


4554.029 


0.00 


0.17 


3.0 


268.0 


136.7 


129.9 


145.4 


188.7 


186.6 


262.1 


168.2 


168.4 


130.6 


161.3 


169.0 


187.5 


Ball 


4934.076 


0.00 


-0.15 


3.0 


232.7 


146.6 


130.7 


151.0 


193.2 


195.7 


122.0 


172.9 


172.9 


130.5 


161.1 


167.5 


199.4 


Ba II 


5853.668 


0.60 


-1.00 


3.0 


119.2 


42.9 


27.0 


45.7 


75.5 


76.0 




61.3 


44.8 


21.8 


40.1 


42.8 


72.4 


Ba II 


6141.713 


0.70 


-0.08 


3.0 


















102.5 


65.1 









Table 2. Atomic data and measured equivalent widths (continue) 



Element A (A) E.P. log gf A-y Q 14 15 16 17 18 19 20 21 22 23 24 25 26 



Nal 


5682.650 


2.10 


-0.82 


2.0 


2.0 


21.4 




Nal 


5688.219 


2.10 


-0.37 


2.0 


2.8 


33.9 




Nal 


5889.951 


0.00 


0.12 


2.0 


145.2 




134.0 


Nal 


5895.924 


0.00 


-0.18 


2.0 


133.2 




144.3 


Na I 


6154.227 


2.10 


-1.66 


2.0 




4.6 




Na I 


6160.751 


2.10 


-1.35 


2.0 




6.3 




Mg 1 


4571.099 


0.00 


-5.59 


2.5 


50.1 


104.7 


34.8 


Mg I 


4702.996 


4.34 


-0.55 


2.5 


79.8 


131.1 


48.0 


Mgl 


4730.026 


4.34 


-2.37 


2.5 




20.3 




Si I 


5772.148 


5.08 


-1.75 


1.3 




15.6 


1.3 


Si I 


5948.545 


5.08 


-1.23 


1.3 


7.6 


34.3 


4.5 


Si I 


6155.141 


5.62 


-0.84 


1.3 


5.8 


25.1 


1.3 


Si II 


6347.100 


8.12 


0.32 


2.5 




10.6 




Ca I 


4526.934 


2.71 


-0.49 


1.8 


13.6 


43.6 


2.4 


Ca I 


4578.551 


2.52 


-0.63 


1.8 


12.2 


47.5 




Ca I 


4685.268 


2.93 


-0.88 


1.8 


4.0 


21.3 




Ca I 


5261.707 


2.52 


-0.65 


1.8 


17.2 


57.4 


7.0 


Ca I 


5262.241 


2.52 


-0.60 


1.8 


31.1 


100.7 




Ca I 


5512.980 


2.93 


-0.37 


1.8 








Ca I 


5581.968 


2.52 


-0.63 


1.8 


18.6 


59.4 


8.1 


Ca I 


5588.755 


2.53 


0.28 


1.8 


56.8 


101.5 


31.1 


Cal 


5590.117 


2.52 


-0.64 


1.8 


18.8 


57.4 


7.0 


Cal 


5594.466 


2.52 


0.02 


1.8 


43.9 


92.6 


20.0 


Cal 


5598.480 


2.52 


-0.22 


1.8 


34.6 


88.9 


17.4 


Cal 


5601.277 


2.53 


-0.69 


1.8 


19.4 


61.8 




Cal 


5857.451 


2.93 


0.24 


1.8 


31.1 


79.4 


11.9 


Cal 


6122.217 


1.89 


-0.32 


1.8 


66.0 


118.7 


37.4 


Cal 


6162.173 


1.90 


-0.09 


1.8 


76.7 


131.8 


45.1 


Cal 


6163.755 


2.52 


-1.29 


1.8 


4.8 


32.6 




Cal 


6166.440 


2.52 


-1.14 


1.8 


7.6 


52.5 




Cal 


6169.042 


2.52 


-0.80 


1.8 


13.1 


68.2 


3.8 


Cal 


6169.562 


2.53 


-0.37 


1.8 


20.5 


65.2 


7.9 


Cal 


6449.810 


2.52 


-0.50 


1.8 


20.2 


23.7 


12.0 


Cal 


6462.569 


2.52 


0.29 


1.8 


60.6 


153.8 


34.6 


Cal 


6471.661 


2.53 


-0.64 


1.8 


17.4 


57.5 


4.8 



9.0 


9.3 


4.8 


5.6 


10.4 








20.9 


5.1 


16.5 


23.5 




9.0 


19.3 


69.2 
52.2 


47.5 
31.2 


38.1 


36.4 


8.4 


7.6 
















4.6 




1.6 


2.2 




1.4 










4.6 


1.3 


90.5 


30.8 


19.4 


68.0 


81.3 








45.4 


23.7 


196.0 


107.1 


88.9 




181.0 


17.1 


16.8 


20.2 


126.4 


94.1 


13.2 


9.4 


5.7 


7.3 


11.0 








13.4 


3.1 


4.0 


7.8 


6.3 




6.0 








5.8 


2.2 


12.8 


17.6 


11.6 


7.1 


18.4 








21.2 


12.8 


9.6 


13.3 
16.0 


8.2 


3.9 


11.1 








15.2 
12.7 


7.8 
6.6 


44.8 


24.1 


17.3 


27.3 


37.8 




1.5 


1.2 


30.2 


17.5 


47.4 


26.1 


20.1 


37.8 


45.1 






1.7 


33.1 


17.0 


13.8 


11.4 


8.9 


11.7 


12.5 








12.8 


6.8 


7.1 


30.3 


24.6 


43.0 


51.6 


1.2 


1.7 




38.1 


22.0 


60.6 


50.5 




60.2 


66.4 


1.4 






52.7 


32.9 


71.3 






44.2 














60.0 


37.0 


26.9 




52.7 


1.6 


7.4 


4.5 


37.4 


23.6 


125.3 


78.5 


68.6 






10.9 




14.6 


85.0 


64.1 


57.2 


29.6 


22.8 


41.8 


46.6 








38.2 


21.0 


104.8 


65.3 


58.4 


85.0 
71.9 


78.6 






10.1 
4.3 


74.3 
65.1 


53.6 
46.7 


61.8 


33.1 


27.7 




54.1 


3.1 


3.7 




41.4 


24.1 


95.2 


54.3 


43.0 


66.7 


80.1 


4.6 




5.6 


63.0 


34.6 


4.0 


83.0 


74.2 




149.8 


12.6 


14.0 


17.3 


94.7 


60.9 


218.2 


93.0 


76.4 




169.3 


20.4 


19.5 


24.5 


109.5 


76.4 


25.3 


11.1 


5.9 


11.7 


20.1 








13.9 


6.3 


31.0 


14.3 


14.4 


19.9 


29.3 


1.6 




1.3 


20.0 


8.1 


56.2 


24.8 


19.9 


36.6 


51.3 








30.5 


18.3 


79.6 


36.6 


32.8 


59.0 


73.7 


3.1 


1.0 




49.8 


26.4 


68.5 


40.1 




50.3 


60.2 


1.5 




4.0 


43.4 


25.0 


20.8 


82.6 






16.6 






11.3 


91.1 


64.6 


56.6 


26.9 




42.8 


48.5 








33.8 


19.7 



Table 2 — Continued 



Element A (A) E.P. log gf A76 14 15 16 17 18 19 20 21 22 23 24 25 26 



Ca I 


6493.781 


2.52 


0.02 


1.8 


38.8 


87.9 


12.9 


Ca I 


6499.650 


2.52 


-0.82 


1.8 


14.7 


58.8 


4.7 


Ca I 


6717 686 


2.71 


-0.57 


1.8 


15.7 


59.9 


2.6 


Sc II 


4246 837 


0.32 


0.24 


2.5 


100.4 


146.5 


88.8 


Sc II 


4314 095 


0.62 


-0.10 


2.5 


74.0 


112.8 




Sc II 


4320.732 


0.61 


-0.25 


2.5 


61.6 


100.6 


60.2 


Sc II 


4324.996 


0.60 


-0.44 


2.5 


69.7 




48.9 


Sc II 


4354.598 


0.61 


-1.58 


2.5 


19.4 


67.9 


12.7 


Sc II 


4374.457 


0.62 


-0.42 


2.5 


59.1 


110.0 


49.1 


Sc II 


4400 399 


0.61 


-0.54 


2.5 


51.3 


97.1 


34.4 


Sc II 


4415.563 


0.60 


-0.67 


2.5 


50.3 


93.1 


36.1 


Sc II 


4670.417 


1.36 


-0.58 


2.5 


16.6 


57.7 


5.8 


Sc II 


5031.021 


1.36 


-0.40 


2.5 


21.3 


65.1 


11.5 


Til 


4512.733 


0.84 


-0.42 


2.5 


12.3 


52.5 


5.0 


Til 


4518 023 


0.83 


-0.27 


2.5 


16.5 


60.7 


6.5 


Til 


4527 305 


0.81 


-0.47 


2.5 


15.1 


64.0 


6.2 


Til 


4533.239 


0.85 


0.53 


2.5 


48.4 


88.7 


31.9 


Til 


4534.778 


0.84 


0.34 


2.5 


40.4 


80.0 


25.0 


Til 


4535.570 


0.83 


0.12 


2.5 


33.8 






Til 


4544 688 


0.82 


-0.52 


2.5 


13.4 


66.0 




Til 


4552 456 


0.84 


-0.34 


2.5 






12.7 


Til 


^000 .^00 


u.oo 


n 4*3 




12 9 


ou.o 


0.0 


Til 


4617.254 


1.75 


0.45 


2.5 


9.7 


39.5 


2.1 


Til 


4656.468 


0.00 


-1.29 


2.5 


14.5 


58.7 


7.9 


Til 


4681.908 


0.05 


-1.01 


2.5 


19.6 


68.8 


11.4 


Til 


4840.874 


0.90 


-0.45 


2.5 


9.7 


47.4 


3.9 


Til 


4885.082 


1.89 


0.41 


2.5 


6.4 


33.0 


1.1 


Til 


4913.616 


1.87 


0.22 


2.5 


5.8 


27.3 




Til 


4981.732 


0.85 


0.56 


2.5 


52.6 


96.6 


33.3 


Til 


4991.067 


0.84 


0.44 


2.5 


48.9 




28.4 


Til 


4999.504 


0.82 


0.31 


2.5 


41.4 


91.1 


24.2 


Til 


5016.162 


0.85 


-0.52 


2.5 




50.0 


6.2 


Til 


5020.028 


0.84 


-0.36 


2.5 


17.0 


60.6 


6.2 


Til 


5022.871 


0.83 


-0.38 


2.5 


14.4 


58.9 


8.2 


Til 


5035.907 


1.46 


0.26 


2.5 


17.8 


69.1 


7.6 



95.0 


57.8 




70.0 


76.1 




3.8 


3.6 


63.6 


42.2 


Art a 
4y.4 


O A A 

Z4.4 




33.8 


A Q O 

43.2 








30.6 


iff tr 

lb. 5 


60.0 


26.8 
103.9 


104.2 


40.0 


50.7 


1.0 
12.1 


1.4 
39.2 




39.0 
101.6 


20.1 


63.1 


82.4 


63.1 












72.7 


52.4 


60.2 


71.7 


62.2 


67.1 


67.1 




9.1 




64.6 


48.8 




67.9 


55.5 


80.9 


80.9 








69.0 


52.5 


34.2 


14.4 


8.6 


24.6 


24.6 










7.1 


62.0 


64.7 


55.2 


57.8 


57.8 








61.2 


42.9 


52.6 


58.0 


49.0 


50.3 


50.3 




8.0 




55.0 


38.5 


71.5 


54.6 


43.1 


52.5 


52.5 




4.5 




48.2 




13.3 


20.5 


15.0 


11.3 


11.3 




2.4 




17.0 


7.9 


18.0 


29.9 




23.9 


23.9 




1.5 






12.0 


52.5 


15.6 


8.7 


37.4 


41.2 


1.3 






17.7 




60.6 


20.5 


12.9 


43.4 


47.6 




1.2 


1.3 


23.9 




56.9 


16.6 


11.2 


38.1 


42.9 






1.6 


21.8 


16.0 


103.0 


54.5 


47.8 






4.2 




7.3 


57.2 


39.3 




46.9 




79.7 


67.8 


1.0 




4.9 


48.2 


30.8 




42.5 


29.3 










2.5 


39.0 




70.2 


21.5 


10.5 


41.7 


46.3 








25.9 


13.0 


79.0 


24.5 


18.4 






1.0 




1.4 


31.3 




48.7 


16.2 


13.3 


36.8 


40.1 




1.0 




16.0 


6.5 


39.9 


15.0 




28.0 


31.4 








17.2 


8.2 


58.0 


13.7 


8.8 


42.3 


44.2 








17.5 


9.5 


66.4 


21.2 


13.8 


52.4 


53.2 








24.6 


12.4 


48.3 


13.9 


8.9 


35.4 


35.4 








15.6 


8.5 


33.9 


13.1 


8.8 


20.1 


30.3 








12.6 


7.8 


27.3 


7.8 




16.0 


19.6 








7.7 


2.5 


111.1 


61.4 


46.7 


88.7 


83.7 


5.0 


6.5 


6.6 


60.1 


42.8 




52.8 


43.8 


75.0 


83.7 


3.5 




6.7 


58.2 


40.8 


101.8 


47.5 


37.9 


85.7 


76.5 


4.4 


5.3 


3.9 


51.9 


35.1 


47.5 


15.2 


13.0 


32.5 


32.3 








17.5 


9.1 


58.3 


21.8 


15.4 


44.5 


43.6 








21.3 


13.7 


62.7 


18.5 


13.2 


43.1 


45.2 




1.5 


2.5 


18.9 


9.9 


70.3 


29.0 


16.8 


52.8 


58.0 








30.4 


14.0 



Table 2 — Continued 



Element A (A) E.P. log gf A76 14 15 16 17 18 19 20 21 22 23 24 25 26 



Til 


5036 468 


1.44 


0.19 


2.5 


12.1 


49.7 


3.2 


Til 


5038.399 


1.43 


0.07 


2.5 


9.4 




2.2 


Til 


5039 959 


0.02 


-1.13 


2.5 


21.3 


68.8 


9.4 


Til 


5064 654 


0.05 


-0.86 


2.5 


26.5 


74.2 


16.1 


Til 


5192 969 


0.02 


-0.95 


2.5 


26.5 


80.5 


12.4 


Til 


.5210 386 


0.05 


-0.83 


2.5 


32.0 


82.2 




Til 


5679 937 


2.47 


-0.57 


2.5 




1.6 




Til 


5953 162 


1.89 


-0.27 


2.5 


3.2 


14.3 




Til 


5965 828 


1.89 


-0.35 


2.5 


2.2 


11.0 




Til 


.5978 54,3 


1.87 


-0.44 


2.5 


1.8 


11.4 




Til 


62.58 104 


1.44 


-0.36 


2.5 


4.4 


29.3 




Til 


6258 709 


1.44 


-0.30 


2.5 


4.6 


34.9 


1.9 


Til 


6261 101 


1.43 


-0.42 


2.5 


5.1 


24.8 




Ti II 


4501.272 


1.12 


-0.75 


2.5 


91.3 


129.2 




Ti II 


4563 761 


1.22 


-0.96 


2.5 


83.4 


122.2 


80.3 


Ti II 


4571 968 


1.57 


-0.53 


2.5 


87.3 


129.8 


78.4 


Ti II 


4589 958 


1.24 


-1.79 


2.5 


48.2 


87.1 


36.1 


Ti II 


46.57 203 


1.24 


-2.23 


2.5 


19.2 


58.9 


12.6 


Ti II 


4779 985 


2.05 


-1.37 


2.5 


22.5 


61.2 


10.7 


Ti II 


4805 085 


2.06 


-1.10 


2.5 


34.7 


79.5 


23.2 


Ti II 


51 29 1 52 


1.89 


-1.39 


2.5 


27.9 


73.3 


17.8 


Ti TT 

_L 1 ±± 


ci rr/i f|7n 


1 ^7 


1 Q9 

-i.yz 


z.o 


9fi ^ 


70 9 


17 Q 

± / .y 


Ti II 


5188.680 


1.58 


-1.21 


2.5 






46.9 


Ti II 


5336.781 


1.58 


-1.66 


2.5 


32.4 


72.8 


21.0 


Ti II 


5418.770 


1.58 


-2.11 


2.5 


13.6 


50.2 


10.1 


CrI 


4496.842 


0.94 


-1.15 


2.5 


22.7 






CrI 


4540.734 


3.10 


0.03 


2.5 




19.2 




CrI 


4545.945 


0.94 


-1.37 


2.5 


14.0 


61.2 


4.8 


CrI 


4591.389 


0.97 


-1.74 


2.5 


7.7 






CrI 


4600.741 


1.00 


-1.26 


2.5 


15.1 


61.9 


6.4 


CrI 


4616.120 


0.98 


-1.19 


2.5 


18.6 


65.4 


7.8 


CrI 


4626.174 


0.97 


-1.32 


2.5 


15.2 


59.9 


8.7 


CrI 


4646.148 


1.03 


-0.70 


2.5 


34.2 


79.7 


16.9 


CrI 


4651.282 


0.98 


-1.46 


2.5 


11.9 


54.9 


3.8 


CrI 


4652.152 


1.00 


-1.03 


2.5 


24.8 


72.2 


9.9 



64.8 


19.5 


6.3 


43.9 


42.8 








17.9 


9.8 


49.0 


15.6 


8.5 


38.8 


00. y 


1.0 


1.3 


1.1 


1 k 7 
lo. / 


O.D 


68.7 


20.1 


11.9 


54.2 


51.8 








25.6 


11.1 


75.3 


24.4 


14.5 


57.5 


56.0 


1.4 


1.4 




29.4 


15.7 


66.0 


24.6 
29.2 


19.0 


67.6 


2.3 






2.1 


30.7 
35.7 


17.6 


14.9 


1.8 


3.2 


8.0 


9.8 








5.0 




13.2 






6.3 


7.3 








3.1 




9.0 


1.9 


2.3 


5.7 


7.0 






1.3 


1.4 




33.2 


11.7 




18.4 


20.6 




1.2 




5.6 


3.9 


38.7 


15.9 




25.6 


25.6 








9.3 


4.7 


27.0 


5.1 




17.4 


15.3 






1.4 


13.9 


2.3 


87.1 


103.5 


93.1 


79.5 


84.9 


14.4 




37.2 


89.9 


81.6 


80.8 


96.1 


89.8 


75.0 


82.9 


8.9 


23.1 


28.8 


87.9 


76.4 


92.9 


103.9 


95.2 


81.8 


90.5 


12.4 


34.3 


37.1 


95.5 


81.4 


38.3 


59.1 


47.6 


30.4 


40.7 




4.8 


5.3 


50.6 


34.2 


15.5 


25.1 


18.4 


10.5 


17.8 








20.3 


11.2 


19.0 


35.0 


25.4 


14.4 


22.7 








27.7 


14.4 


33.1 


52.7 


39.5 


23.6 


35.4 






6.3 


44.9 


30.5 


29.8 


43.2 


32.1 


20.8 


31.4 








36.9 


22.4 


31.7 


37.9 
78.2 
43.2 


26.6 


20.7 


27.2 




1.0 


8.5 


31.8 
39.2 


18.7 


10.9 


21.2 


14.4 


7.2 


13.0 






1.0 


16.6 


10.1 


76.7 


36.6 




59.3 


58.9 








35.5 




22.6 


7.3 


9.6 


10.9 


17.0 








5.8 




65.1 


19.0 


13.8 


48.5 


41.1 








25.6 


15.1 


48.6 


5.0 




31.1 


30.9 


1.4 










66.6 


21.4 


18.5 


50.3 


50.8 








27.5 


18.0 


70.4 


24.0 


17.9 


55.8 


55.0 








32.0 


18.3 


63.9 


17.1 


15.3 


51.0 


47.8 








25.4 


15.5 


89.1 


42.6 


37.4 


72.1 


70.7 




2.1 




46.0 


35.7 


58.5 


16.0 


10.9 


43.1 


41.7 




0.7 




20.1 


11.8 


79.1 


33.1 


23.6 


61.4 


61.2 


1.4 




1.3 


36.8 


24.0 



Table 2 — Continued 



Element A (A) E.P. log gf Aj 6 14 15 16 17 18 19 20 21 22 23 24 25 26 



CrI 


4718 426 


3.20 


0.09 


2.5 


3.4 


24.2 




CrI 


5206.038 


0.94 


0.02 


2.5 


73.4 


124.4 


54.0 


CrI 


5208 41 9 


0.94 


0.16 


2.5 






64.1 


CrI 


5247 566 


0.96 


-1.64 


2.5 


8.8 


51.4 


2.5 


CrI 


5345 801 


1.00 


-0.98 


2.5 


26.5 


82.2 


14.1 


CrI 


5348 312 


1.00 


-1.29 


2.5 


15.2 


65.5 


6.1 


CrI 


5409 772 


1.03 


-0.71 


2.5 


37.1 


93.5 


20.2 


CrI 


6330 003 


0.94 


-2.92 


2.5 


0.9 


8.6 




Cr II 


4558 650 


4.07 


-0.66 


2.5 


20.3 


56.1 




Cr II 


4588 199 


4.07 


-0.63 


2.5 


14.6 


46.5 


7.0 


Cr II 


4634 070 


4.07 


-1.24 


2.5 


8.0 


33.1 


3.5 


Cr II 


4848 235 


3.86 


-1.14 


2.5 


10.5 


39.4 


4.9 


Cr II 


5237 320 


4.07 


-1.16 


2.5 


5.9 


28.3 


3.1 


Mn I 


4754 040 


2.28 


-0.09 


2.5 


14.4 


70.2 


5.1 


Mn I 


4823 406 


2.32 


0.14 


1.5 


20.5 


73.0 


7.7 


Fe I 


4480 730 


0.12 


-3.93 


2.0 


50.2 


93.6 


38.9 


Fel 


4404 563 


2.20 


-1.14 


2.0 


69.5 


109.4 


52.9 


Fel 


4528.614 


2.17 


-0.88 


2.0 


84.0 




70.8 


Fel 


4531 148 


1.48 


-2.13 


2.0 


60.0 


102.8 


48.6 


Fe I 


4556 1 26 


3.60 


-0.79 


2.0 


20.9 


64.8 


6.8 


Fe I 


4502 651 


1.56 


-2.46 


2.0 


46.4 




29.0 


TTo T 
re J. 




l.Dl 


-o. l^t 


9 n 


1 3 9 


OD.4 


o.u 


Fel 


4602.941 


1.48 


-2.21 


2.0 


59.7 


98.3 




Fel 


4619.287 


3.60 


-1.12 


2.0 


11.8 


49.1 


4.9 


Fel 


4625.044 


3.24 


-1.34 


2.0 


14.4 


57.4 


7.1 


Fel 


4630.120 


2.28 


-2.59 


2.0 




52.1 


5.8 


Fe I 


4637.503 


3.28 


-1.39 


2.0 


12.2 


53.8 


6.1 


Fe I 


4638.010 


3.60 


-1.12 


2.0 


11.0 


49.8 




Fel 


4647.434 


2.95 


-1.33 


2.0 


23.5 


69.3 


10.2 


Fel 


4669.171 


3.65 


-1.31 


2.0 


7.4 


39.0 




Fel 


4678.846 


3.60 


-0.75 


2.0 


23.4 


64.9 


10.3 


Fe I 


4691.411 


2.99 


-1.49 


2.0 


19.2 


78.6 


8.4 


Fe I 


4710.283 


3.02 


-1.61 


2.0 


14.8 


64.3 




Fel 


4728.546 


3.65 


-1.17 


2.0 


8.9 


45.1 




Fel 


4733.591 


1.48 


-2.99 


2.0 


23.7 


74.2 


13.9 



24.4 


8.3 


7.7 


12.1 


15.4 








1.8 


10.4 


6.5 




09 n 
82. U 


73.8 




138.0 


10.4 


1 





15.9 


88.6 


75.8 




93.5 








18.4 






15.0 






61.0 


13.4 




36.8 


36.2 










18.2 




98.7 


35.8 


28.2 


73.6 


70.7 


1.0 








40.6 


29.5 


79.7 


24.6 


19.1 


53.9 


55.3 










27.5 


18.1 


120.2 


47.7 


38.1 


89.4 


84.4 




2 


6 


2.4 


52.8 


38.2 


10.5 






5.6 


6.0 








2.7 






20.3 


43.7 


42.0 


13.3 






2 


7 


2.7 


38.5 


29.5 


14.5 


37.0 


29.8 


8.9 


18.3 




3 


4 


2.4 


30.2 


22.6 


10.1 


21.2 






9.3 




1 







20.7 


15.7 


9.4 


24.7 


19.5 


7.6 


11.6 


1.1 








22.7 


12.5 


9.0 


18.2 
28.6 


13.2 
1 / .4 


5.5 


7.6 








1.1 


15.3 
33.5 


9.4 


88.0 


38.0 


23.5 


64.3 


64.3 










41.1 


25.2 


87.1 


35.3 


29.1 


75.1 


68.3 


1.4 


1 




1.0 


45.8 


35.8 


160.4 


72.0 
91.7 


69.3 


123.0 




18.4 






11.6 
18.6 


80.8 
97.8 


72.3 
93.0 




57.9 


55.7 


95.3 


87.0 


5.1 






6.3 


66.9 


58.3 


66.3 


33.7 


31.5 


48.7 


54.6 


0.9 








40.0 


27.9 




47.9 


42.5 


75.3 




1.5 








52.3 


44.4 


48.2 


11.3 




38.0 


36.6 








3.5 


19.9 


11.0 


109.7 


56.5 


52.9 


92.9 


88.3 


2.4 


1 






65.0 


53.2 


46.6 


20.8 


20.3 


29.4 


35.8 


1.3 






1.0 


27.4 


16.8 


59.8 


22.4 


18.5 




43.3 


1.4 






1.9 


29.1 


18.7 


43.0 


11.3 


10.8 


29.6 


32.6 










16.3 


12.6 


53.5 


20.2 


21.0 


33.6 


39.5 








1.0 


25.4 


17.5 


48.3 


21.3 


18.5 


25.6 


39.7 










25.0 


18.0 


60.4 


33.4 


30.0 




51.5 


1.9 






1.7 


42.0 


28.4 


33.0 


12.2 




18.5 


29.3 










16.2 


10.5 


68.8 


35.7 


33.0 


50.6 




2.1 






1.8 


44.8 




73.8 


29.0 


22.6 


50.3 


59.6 










35.1 


21.7 




23.1 


20.8 


43.4 


51.9 










31.1 


17.4 


40.2 


16.2 


13.4 


26.1 


29.9 




1 







22.9 


13.0 


64.9 


23.1 


20.0 


37.8 


52.9 










31.8 


21.7 



Table 2 — Continued 



Element 


A (A) 


E.P. 


logs/ 


A76 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


25 


26 


Fel 


4736.773 


3.21 


-0.75 


2.0 


40.2 


85.8 


22.9 


112.4 


51.0 


47.1 


82.0 


82.5 


1.9 




1.6 


63.4 


47.4 


Fc I 


4741.529 


2.83 


-1.88 


2.0 


10.0 


46.6 


2.8 


39.6 


13.3 




26.5 


29.6 








21.4 


12.5 


Fel 


4871.318 


2.87 


-0.39 


2.0 


72.0 


117.8 


52.9 




77.9 


72.2 


144.1 


133.2 


10.5 




13.5 


90.2 


78.0 


Fel 


4872.137 


2.88 


-0.58 


2.0 


61.9 




43.1 




66.1 


64.4 


119.5 


113.1 






6.3 


79.1 


67.8 


Fel 


4882.144 


3.42 


-1.64 


2.0 


7.4 


38.2 


1.9 


33.1 


10.7 


9.2 


20.0 


23.8 






1.0 


16.2 


10.0 


Fc I 


4890.755 


2.88 


-0.41 


2.0 


69.3 


120.3 


49.1 




78.4 


74.8 


145.7 


138.7 


9.4 




13.9 


90.6 


74.5 


Fel 


4891.492 


2.85 


-0.13 


2.0 


82.7 


132.6 


62.4 




92.3 


87.4 




181.1 


17.4 




22.4 


106.7 


90.8 


Fel 


4918.994 


2.87 


-0.36 


2.0 


72.4 


120.5 


52.2 


207.9 


85.7 


79.4 


160.1 


147.0 


11.2 


14.3 


15.1 


95.8 


76.0 


Fel 


4920.503 


2.83 


0.06 


2.0 


93.8 




74.8 


347.3 


109.2 


102.2 




225.3 


26.8 




28.9 


132.4 


112.7 


Fel 


4924.770 


2.28 


-2.23 


2.0 


20.9 


71.2 


14.4 


66.0 


24.6 


18.8 


48.8 




1.5 






31.8 


23.0 


Fel 


4938.814 


2.88 


-1.08 


2.0 


37.5 


79.9 


21.3 


106.1 


46.9 


44.0 


69.7 


77.3 


6.4 


1.0 


2.1 


55.7 


35.7 


Fel 


4939.687 


0.86 


-3.31 


2.0 


41.6 


89.0 


29.0 


88.1 


33.1 




65.6 


68.4 


3.0 


1.1 




45.2 


30.1 


Fc I 


4946.385 


3.37 


-1.17 


2.0 


13.9 


59.9 


5.4 


64.5 


24.3 


20.5 


38.2 


47.1 


1.8 






33.0 


22.8 


Fc I 


4985.253 


3.93 


-0.56 


2.0 


16.2 


56.8 




59.2 


29.8 


24.5 


40.1 


45.8 


1.4 




1.6 


38.0 


26.7 


Fel 


4985.547 


2.86 


-1.33 


2.0 


25.6 


71.8 


13.4 


79.8 


33.7 


27.1 


56.6 


45.9 






1.2 


45.0 


28.3 


Fe I 


4994.130 


0.91 


-2.97 


2.0 


51.3 


95.8 


39.0 


94.7 


42.9 




77.3 


75.8 






3.8 


56.7 




Fel 


5001.862 


3.88 


0.01 


2.0 


33.5 


76.7 


17.9 


100.3 


50.1 


46.2 


74.0 


77.8 


6.9 


6.4 


3.3 


59.6 


46.0 


Fel 


5006.119 


2.83 


-0.64 


2.0 


62.7 


108.6 


41.5 


160.7 


72.0 


65.0 


121.7 


120.0 


6.3 


9.6 


9.1 


85.1 


68.4 


Fel 


5012.068 


0.86 


-2.62 


2.0 


77.0 


125.0 


66.8 


143.8 


72.1 


66.7 


100.6 


104.6 


7.3 


8.0 


7.2 


81.5 


69.2 


Fe I 


5022.236 


3.98 


-0.53 


2.0 


16.0 


57.9 


5.9 


64.8 


28.8 


23.9 


44.8 


52.1 








37.6 


25.7 


Fel 


5028.127 


3.57 


-1.12 


2.0 


9.5 


45.4 


2.9 


43.1 


15.7 


16.1 


25.4 


32.7 




1.0 




24.5 


13.3 


Fe I 


5044.212 


2.85 


-2.06 


2.0 


7.6 


42.7 


2.6 


42.8 


11.1 


10.3 


25.2 


28.7 


1.0 




1.0 


13.9 


9.8 


Fel 


5049.819 


2.28 


-1.35 


2.0 


58.3 


102.7 


39.5 




60.5 


55.4 


100.9 


93.9 


5.3 


5.0 


6.6 


69.4 


59.7 


Fel 


5051.635 


0.91 


-2.76 


2.0 


66.6 


112.4 


55.6 


117.2 


60.5 


51.9 


91.0 


87.2 




5.8 


3.0 


67.2 


54.9 


Fel 


5068.766 


2.94 


-1.13 


2.0 


36.3 


81.7 


21.0 


97.7 


46.2 


40.2 


75.6 


75.4 


1.6 






54.6 




Fel 


5079.224 


2.20 


-2.09 


2.0 


31.1 


79.6 


14.9 


83.8 


33.1 


28.8 


66.1 


64.3 


1.3 


1.1 




43.4 


30.1 


Fc I 


5079.740 


0.99 


-3.23 


2.0 


41.2 




27.4 


82.0 


34.5 


29.9 


67.2 


68.6 


1.8 


1.0 




44.9 


31.4 


Fc I 


5083.339 


0.96 


-2.84 


2.0 


55.6 


98.1 


44.1 


97.6 


48.7 


41.7 


79.3 


75.8 


1.3 






59.7 


46.9 


Fel 


5098.697 


2.17 


-2.03 


2.0 


37.9 




21.4 




51.6 


47.0 


70.0 




1.9 


1.0 




53.4 


43.9 


Fel 


5110.413 


0.00 


-3.76 


2.0 


74.3 


125.0 


67.8 


131.5 


62.2 


34.5 


99.9 


94.1 


5.2 




4.4 


74.2 


57.8 


Fel 


5123.720 


1.01 


-3.06 


2.0 


48.1 


101.5 


35.2 


100.2 


41.0 


34.7 


78.1 


75.0 


1.0 




1.7 


53.6 


40.3 


Fc I 


5150.840 


0.99 


-3.02 


2.0 


44.9 


94.1 


30.6 


87.8 


37.0 


30.0 




64.5 








49.2 


35.5 


Fc I 


5151.911 


1.01 


-3.32 


2.0 


34.7 


85.7 


21.9 




26.9 


20.6 


62.5 


58.1 










27.9 


Fe I 


5192.344 


3.00 


-0.42 


2.0 


62.1 


109.7 


39.7 


141.9 


70.8 








7.4 


5.7 


9.7 


79.0 




Fel 


5194.942 


1.56 


-2.06 


2.0 


63.0 


104.8 


49.8 


101.8 


62.3 


57.9 








5.9 




67.7 





Table 2 — Continued 



Element A (A) E.P. log 5/ A76 14 15 16 17 18 19 20 21 22 23 24 25 26 



Fel 


51 98 71 1 


2.22 


-2.11 


2.0 


26.1 


72.6 


16.6 


Fel 


5202 336 


2.18 


-1.85 


2.0 


46.6 


106.8 


23.6 


Fel 


5215.182 


3.27 


-0.87 


2.0 


25.3 


71.0 


13.3 


Fel 


521 fi 274 


1.61 


-2.11 


2.0 


57.8 


99.2 


44.1 


Fel 


521 7 390 


3.21 


-1.11 


2.0 


22.2 


69.1 


11.5 


Fel 


5225.525 


0.11 


-4.77 


2.0 


17.3 


68.9 


10.4 


Fel 


5227 1 90 


1.56 


-1.23 


2.0 


103.9 


152.3 


93.5 


Fc I 


5232.940 


2.94 


-0.10 


2.0 


82.2 


130.7 


62.6 


Fel 


5242.491 


3.63 


-0.90 


2.0 


12.9 


52.9 


6.1 


Fel 


5250 21 


0.12 


-4.92 


2.0 


13.3 


61.8 


5.9 


Fel 


5250 646 


2.20 


-2.11 


2.0 


29.6 


79.4 


14.2 


Fel 


5263 305 


3.27 


-0.92 


2.0 


27.3 


75.3 


14.5 


Fe I 


5269 537 


0.86 


-1.32 


2.0 


130.7 


203.0 


125.3 


Fel 


5307 361 


1.61 


-2.95 


2.0 


19.8 


69.0 


12.8 


Fel 


5328 039 


0.92 


-1.47 


2.0 


120.4 




117.2 


Fel 


5328 532 


1.56 


-1.85 


2.0 


76.1 




64.6 


Fel 


5332 900 


1.56 


-2.86 


2.0 


25.6 


76.7 


16.2 


Fe I 


5339 930 


3.27 


-0.68 


2.0 


37.7 


83.5 




Fel 


5341 024 


1.61 


-2.01 


2.0 


70.1 


116.7 




Fel 


5373 698 


4.47 


-0.86 


2.0 


3.5 


20.6 




Fel 


5379 573 


3.70 


-1.50 


2.0 


4.4 


24.1 


2.5 


re j. 


KQQQ 1 fi.7 


3 94 


n si 

-U.ol 


9 n 


00.0 


83 4 




Fel 


5405.775 


0.99 


-1.85 


2.0 


102.3 


146.9 


112.0 


Fel 


5429.696 


0.96 


-1.88 


2.0 


104.8 




99.5 


Fel 


5434.524 


1.01 


-2.12 


2.0 


89.9 


130.7 


83.3 


Fel 


5455.609 


1.01 


-2.09 


2.0 






94.8 


Fel 


5560.207 


4.43 


-1.19 


2.0 


1.3 


12.8 




Fel 


5569.618 


3.42 


-0.51 


2.0 


35.2 


85.9 


18.7 


Fel 


5572.841 


3.40 


-0.29 


2.0 


48.4 


98.1 


28.4 


Fel 


5576.090 


3.43 


-1.00 


2.0 


21.9 


70.1 


12.0 


Fel 


5586.756 


3.37 


-0.14 


2.0 


58.6 


108.0 


37.8 


Fel 


5615.644 


3.33 


-0.04 


2.0 


66.2 


119.3 


41.9 


Fel 


5658.816 


3.40 


-0.84 


2.0 


26.8 




10.8 


Fel 


5679.025 


4.65 


-0.92 


2.0 








Fel 


5717.835 


4.29 


-1.13 


2.0 


2.7 


20.1 





11 Q 

/ 1 .6 


on a 
Zy.4 


28.2 




K A K 
54.5 


A K 
4.0 






38.0 


23.8 


llfi Q 

llO.O 


CO 1 

00.1 


4o.o 




fit; 1 


1 1 
1.1 




l.U 


fiT n 

D / .U 


a n q 


91.5 


37.7 


33.1 


62.0 


67.6 




O A 




48.3 


34.2 


105.3 


55.2 


50.6 


86.0 


81.7 


3.3 




2.5 


65.2 


52.6 


82.1 


30.6 


26.0 


57.0 


62.0 








An T 
4z.7 


28.5 


57.8 


10.0 


0. ( 


40.2 


37.3 








15.3 


T O 
i.O 




103.1 


98.2 




149.9 


27.9 


2A.1 


20.5 


109.6 


98.1 


257.9 


91.4 


84.1 


190.2 


164.9 


15. / 


22.8 


20.1 


108.9 


92.9 


49.1 


22.0 


16.9 


31.4 


34.5 








28.6 


18.9 


52.2 


6.2 


5.4 


36.8 


60.5 




1.0 




12.2 




( 7.2 


31.4 


26.2 


57.3 




O A 

z.4 






43.3 






97 A 
OY.4 


35.1 


7o.4 


75.3 


1 A 

1.4 


1. ( 


1.3 


49.6 


34.9 




120.6 


117.9 






62.2 


55.1 


CO A 
0O.4 


134.2 


122.6 


fii fi 
01. 


1 f .4 


1 k n 
lu.U 


A A C 
44.0 


A 17 A 
4 / .4 




l.D 




ZD. 4 


1 1 Q 

1 ( .0 




115.3 


106.0 




105.4 


52.4 


45.0 


44.1 


130.8 


112.2 




73.2 


66.9 








9.1 


6.2 


79.6 


68.6 


69.9 


24.1 


18.4 


51.0 


50.2 








34.8 


21.2 


118.5 


49.5 




86.5 


O A A 

o4.4 




3.6 




60.1 




136.9 


66.9 


60.2 


100.4 


y7.o 


a n 
4.U 


Q V 
O. ( 


fi 
o.b 


^7fi 1 
( D.l 




17.5 


7.8 


8.4 


5.8 


14.2 








12.2 


9.6 


21.2 


6.1 








2.2 


1.0 


19.0 


11.2 




111.6 


47.4 


42.7 


76.5 


85.5 


2.6 


1.0 




58.0 


45.5 




95.8 


113.9 


189.7 


159.4 


27.4 




23.2 


101.9 


96.3 




98.2 


88.7 


161.4 




26.3 




22.7 


112.8 






84.2 












16.3 








101.2 








28.6 




17.0 






11.5 


4.2 




6.5 


9.0 








6.3 


4.7 


119.3 


50.2 


44.2 


85.9 


93.9 


2.5 




2.9 


61.1 


46.2 


155.7 


62.1 




121.0 


111.4 


4.4 




8.7 


74.6 


61.2 


84.7 


34.0 


30.0 


59.3 


63.8 






2.1 


44.6 


33.0 


189.9 


71.4 


61.9 


138.8 


133.8 


6.4 


9.8 


12.1 


84.1 


70.5 


219.5 


81.7 


74.6 


161.9 




9.3 




16.0 


98.6 


83.2 




39.5 


36.4 


70.9 


74.1 


3.1 




2.7 


48.8 


37.7 


16.8 


6.8 




9.8 


14.4 








9.3 


6.3 
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Element 


A (A) 


T7 r> 

Hi.r. 


logs/ 


A76 


1 A 


1 k 
10 


1 p. 

ID 


1 V 
1 ( 


1 Q 


1 n 

iy 


on 

ZU 


01 
zl 


00 
zz 


OQ 
ZO 




ZO 


ZD 


Fel 


5775.080 


4.22 


-1.30 


2.0 




19.2 




15.0 


4.9 


6.6 


5.7 


12.8 








6.9 




Fel 


6012.204 


2.22 


-4.04 


2.0 


1.0 


6.2 




4.5 


4.3 




4.1 














Fel 


6016.604 


3.55 


-1.82 


2.0 


1.6 


19.3 




21.5 


5.9 


3.2 


10.1 


11.6 








4.2 


4.9 


Fel 


6027.048 


4.08 


-1.15 


2.0 


3.1 


25.3 




21.3 


9.2 


6.9 


11.8 


11.9 








12.3 


7.7 


Fel 


6055.992 


4.73 


-0.46 


2.0 


5.3 


23.5 




21.5 


10.3 


6.9 


12.8 


17.9 








12.3 


10.6 


Fel 


6065.481 


2.61 


-1.47 


2.0 


35.3 


86.0 


19.3 


90.1 


40.2 


37.5 


71.2 


71.7 


1.0 






53.7 


38.1 


Fel 


6078.999 


4.65 


-1.12 


2.0 




8.3 




7.8 






4.7 


4.4 








2.7 


1.8 


Fel 


6082.709 


2.22 


-3.57 


2.0 




13.8 




10.5 






3.8 


6.9 












Fel 


6127.904 


4.14 


-1.40 


2.0 




12.3 






1.7 




8.1 










5.4 




Fel 


6151.618 


2.18 


-3.30 


2.0 


4.0 


24.9 




20.0 


3.9 




9.6 


11.0 








3.3 




Fel 


6157.725 


4.08 


-1.26 


2.0 


3.8 


23.4 




19.5 


9.8 




12.5 


13.5 








9.9 


7.2 


Fel 


6173.341 


2.22 


-2.88 


2.0 


8.1 


42.9 




37.1 


8.9 


8.5 


25.0 


22.8 


1.2 








4.1 


Fel 


6180.203 


2.73 


-2.62 


2.0 




24.1 


1.2 


18.0 


2.0 




12.0 


13.7 


1.2 










Fel 


6213.429 


2.22 


-2.57 


2.0 


13.3 


60.8 




55.4 


16.7 




33.1 


35.9 








23.0 




Fel 


6219.280 


2.20 


-2.43 


2.0 


18.5 


67.6 


9.6 


62.0 


17.5 






42.4 


1.3 






26.2 


16.8 


Fel 


6230.723 


2.56 


-1.28 


2.0 


53.8 


102.5 


31.1 


124.1 


57.5 




96.6 


98.8 






4.5 


68.6 


55.0 


Fel 


6240.645 


2.22 


-3.20 


2.0 




23.0 


1.9 




3.6 






11.7 








5.8 




Fel 


6246.318 


3.60 


-0.88 


2.0 


19.5 


64.9 




79.2 


30.4 




51.9 


56.9 


1.1 


1.4 




40.4 


27.8 


Fel 


6252.555 


2.40 


-1.73 


2.0 


41.1 


90.2 


22.8 


94.8 


47.6 


20.7 


70.5 


72.4 


1.8 


4.6 


2.3 


57.4 


40.3 


Fel 


6254.257 


2.28 


-2.44 


2.0 


18.9 


73.3 


7.8 


59.6 


27.4 




43.3 


45.9 






1.0 


32.4 


22.9 


Fel 


6322.684 


2.59 


-2.44 


2.0 


7.4 


50.7 


3.4 


39.4 


7.8 




24.9 


28.2 








18.2 


9.1 


Fel 


6335.330 


2.20 


-2.20 


2.0 


26.9 


76.2 


13.8 


74.9 


25.3 




56.6 


55.5 








35.0 


21.8 


Fel 


6344.148 


2.43 


-2.90 


2.0 


4.3 


29.7 


1.5 


24.3 


6.0 




13.9 


15.0 




1.2 


1.0 


6.3 




Fel 


6355.029 


2.84 


-2.36 


2.0 




36.4 


1.8 


29.0 


5.7 




17.4 


18.6 










2.6 


Fel 


6380.742 


4.19 


-1.39 


2.0 




13.5 




11.3 


4.6 




7.2 


9.2 








4.8 


4.6 


Fel 


6393.601 


2.43 


-1.58 


2.0 


43.7 


96.0 


29.4 


105.4 


47.9 




83.6 


83.3 


3.4 


3.0 


2.3 


59.7 


48.6 


Fel 


6481.869 


2.28 


-2.98 


2.0 


7.5 


36.9 


2.3 


32.2 


10.9 




17.5 


19.7 


3.3 






13.6 




Fe I 


6494.980 


2.40 


-1.26 


2.0 


62.7 


110.2 


39.9 


135.4 


64.7 


50.0 


96.0 


99.1 


2.2 




6.1 


75.7 


60.0 


Fe I 


6498.940 


0.96 


-4.69 


2.0 




28.7 


1.1 


24.0 






12.4 


14.9 








4.0 


2.7 


Fe I 


6592.913 


2.73 


-1.54 


2.0 


30.7 


80.1 


19.9 


87.2 


34.7 




66.3 


68.8 


3.3 




2.6 


48.3 


29.8 


Fel 


6593.868 


2.43 


-2.39 


2.0 


11.5 


56.3 


7.0 


52.1 


14.2 




35.6 


39.6 


2.7 






22.6 


10.3 


Fel 


6609.109 


2.56 


-2.68 


2.0 


4.5 


35.0 




30.4 


9.6 




18.2 


19.5 








7.7 




Fe I 


6750.152 


2.42 


-2.61 


2.0 


9.3 


47.7 


1.8 


42.5 


11.6 




27.6 


31.5 


1.5 




1.2 


14.9 


9.8 


Fell 


4508.289 


2.86 


-2.32 


2.5 


36.0 


74.3 


28.5 


30.3 


55.3 


53.6 


21.1 


35.9 


1.9 


3.9 


7.1 


50.7 


42.9 


Fell 


4515.339 


2.84 


-2.48 


2.5 


29.8 


68.5 


24.0 


26.6 


47.7 


48.5 


17.5 


28.2 


1.8 




3.9 


43.8 


37.4 
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Element A (A) E.P. log gf Aj 6 14 15 16 17 18 19 20 21 22 23 24 25 26 



Fc II 


4522 634 


2.84 


-2.11 


2.5 






37.6 


Fell 


4576.339 


2.84 


-2.95 


2.5 


15.1 


51.3 




Fell 


4583 837 


2.81 


-1.92 


2.5 


60.7 


98.9 


55.5 


Fell 


4629 339 


2.81 


-2.37 


2.5 


37.3 


77.0 


30.2 


Fell 


4923 927 


2.89 


-1.32 


2.5 


79.8 


118.0 


78.2 


Fell 


501 8 440 


2.89 


-1.23 


2.5 


88.8 


135.5 


83.3 


Fell 


5197 576 


3.23 


-2.17 


2.5 


24.7 


56.1 


19.4 


Fell 


5234 630 


3.22 


-2.21 


2.5 


30.7 


66.9 


21.6 


Fell 


5276 002 


3.20 


-2.04 


2.5 


37.9 


87.0 


26.5 


Fc II 


5316 615 


3.15 


-2.02 


2.5 






38.9 


Fell 


5325 560 


3.22 


-2.91 


2.5 


4.3 


24.0 


5.1 


Fell 


6247 562 


3.89 


-2.33 


2.5 


9.0 


29.1 


1.4 


Fell 


6456 391 


3.90 


-2.08 


2.5 


10.8 


40.3 


4.6 


Ni I 


4714.408 


3.38 


0.23 


2.5 


28.8 


71.4 


12.7 


Ni I 


4715.757 


3.54 


-0.34 


2.5 


7.9 


33.7 




Ni I 


4756 510 


3.48 


-0.34 


2.5 


10.2 


40.1 




Ni I 


4786 531 


3.42 


-0.17 


2.5 


11.5 


53.9 


4.5 


Ni I 


4829 016 


3.54 


-0.33 


2.5 


9.9 


38.3 




Ni I 


4831 169 


3.61 


-0.42 


2.5 


7.4 


32.1 


1.5 


Ni I 


4904.407 


3.54 


-0.17 


2.5 


11.9 


46.7 


5.6 


Ni I 


4937 341 


3.61 


-0.39 


2.5 


6.7 


32.2 




Mi T 

IN 1 J. 


OUoO-OO 1 




u.zy 


z.o 


1Q Q 

±y.o 


OD.O 




Ni I 


5081.107 


3.85 


0.30 


2.5 


15.7 


48.9 


3.9 


Ni I 


5084.089 


3.68 


0.03 


2.5 


12.6 


44.2 


7.2 


Ni I 


5115.389 


3.83 


-0.11 


2.5 


7.8 


31.4 


1.5 


Ni I 


5146.480 


3.71 


0.12 


2.5 


10.2 


41.8 


2.9 


Ni I 


5155.762 


3.90 


-0.09 


2.5 


6.8 


30.2 


2.0 


Ni I 


5587.853 


1.94 


-2.14 


2.5 


3.9 


29.2 




Ni I 


5592.259 


1.95 


-2.57 


2.5 


4.5 


30.3 




Ni I 


5711.883 


1.94 


-2.27 


2.5 


6.8 


38.3 


1.8 


Ni I 


6108.107 


1.68 


-2.45 


2.5 


5.3 


34.8 


1.8 


Ni I 


6256.351 


1.68 


-2.48 


2.5 


18.1 


65.4 


9.1 


Ni I 


6482.796 


1.94 


-2.63 


2.5 


2.0 


14.8 




Ni I 


6643.629 


1.68 


-2.30 


2.5 


14.4 


62.2 




Ni I 


6767.768 


1.83 


-2.17 


2.5 


12.2 


54.0 


5.3 





64.1 


65.4 


36.3 


45.5 


2.1 




11.3 




53.9 


13.0 


27.5 


26.9 


1 n 1 
10.1 


16.2 




1.0 






IOC 

18.0 


55.6 


79.5 


79.0 


42.8 


56.8 


8.0 




19.7 


75.7 


68.9 


38.8 


55.0 


55.5 


28.4 


40.3 


1.1 




3.5 


54.0 


43.9 


72.4 


100.4 


96.3 


59.8 


67.3 


15.2 


34.7 


31.4 


90.2 


85.7 


84.6 


111.2 


106.5 


75.0 


79.1 


17.5 


44.3 


42.7 


99.4 


94.2 


24.7 


40.3 






22.5 




3.2 


3.1 


42.2 


33.1 


25.1 


49.0 


44.6 


16.9 


22.5 


1.0 


4.5 


3.8 


46.2 


36.1 


51.2 


59.1 


56.2 


30.5 


42.5 






5.4 


57.2 


45.7 


39.4 


70.5 




30.9 




1.3 


6.4 


8.8 






3.3 


11.7 




1.6 


4.6 








11.3 


7.1 


6.4 


20.5 




3.7 










16.1 




9.1 


28.6 


1.5 


6.3 


13.0 


1.2 


2.4 




19.9 


19.6 




46.2 


37.9 


53.7 


54.0 








48.6 


35.8 


23.2 


15.4 




13.7 


21.6 








19.1 




26.0 


17.1 


13.0 


18.1 


25.6 


2.0 






19.4 


11.6 


40.1 


23.3 


20.6 


30.4 


34.5 










15.7 


27.1 


17.1 




13.9 


22.2 








17.5 






13.0 


2.9 


11.4 


19.8 


1.2 






16.6 




35.5 


20.8 


14.3 


22.5 










23.9 


13.9 


21.9 


13.8 




13.0 


17.8 


1.8 






13.9 


7.2 


50.7 


34.8 


22.7 


37.2 


42.7 








36.4 


19.9 


45.8 


29.6 


18.7 


30.8 










30.9 


17.5 


32.8 


23.5 


14.1 


23.1 


30.3 








26.9 


14.4 


19.9 


15.0 


6.7 


10.4 


19.7 








13.2 


4.1 


45.9 


17.9 


12.1 


29.9 


31.4 








22.0 


13.9 


28.3 


14.3 




21.4 


20.3 








15.3 


13.0 


17.2 


8.1 


2.2 


8.9 


15.1 


1.5 






6.5 




18.4 


10.5 


2.2 


10.9 




2.3 






8.2 




26.8 


11.2 






19.1 








10.8 


7.7 


21.6 






10.9 


17.4 








6.4 


3.4 


54.5 


20.8 


3.8 


37.1 


42.0 


1.1 






25.7 


12.8 


8.3 






3.6 


6.6 








3.8 


1.0 


44.5 


12.5 




28.2 


35.7 








19.8 


6.7 


36.7 


16.0 




28.3 


34.8 








14.5 


9.7 
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Element 


A (A) 


E.P. 


logs/ 


A76 


14 


15 


16 


17 


18 


19 


20 


21 22 


23 24 


25 


26 


Zn I 


4680.134 


4.01 


-0.82 


1.5 


2.0 


25.4 




6.7 


14.7 










5.9 


2.0 


Zn I 


4722.153 


4.03 


-0.34 


1.5 


9.4 


41.0 


5.3 


14.0 


28.3 


14.9 


14.0 


14.0 




21.9 


10.2 


Zn I 


4810.528 


4.08 


-0.14 


1.5 


14.6 


46.7 


8.3 


19.6 


34.7 


15.4 


11.7 


11.7 




27.0 


13.3 


Yll 


4900.120 


1.03 


-0.13 


2.5 


4.9 


51.2 


6.0 


8.3 


15.9 


15.3 




14.3 




20.6 




Yll 


5087.416 


1.08 


-0.31 


2.5 




39.3 


3.0 


5.2 


9.8 


7.3 


9.9 


9.6 




17.3 




Ball 


4554.029 


0.00 


0.17 


3.0 


87.5 


165.8 


72.0 


111.1 


105.6 


115.0 


124.3 


122.1 


19.2 14.0 


134.2 


91.5 


Ball 


4934.076 


0.00 


-0.15 


3.0 


80.4 


176.3 


55.3 


119.6 


106.4 


111.9 


122.7 


121.8 


9.6 


132.0 


87.3 


Ball 


5853.668 


0.60 


-1.00 


3.0 


7.2 


65.2 


5.0 


15.1 


16.6 


15.3 


21.5 


18.6 




39.5 


8.7 


Ball 


6141.713 


0.70 


-0.08 


3.0 








60.6 




56.0 


54.5 


50.4 






36.1 



Table 3. Abundance ratios: Na, Mg, Si, and Ca 
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Table 4. Abundance ratios: Sc, Ti, Cr and Mn 
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Table 5. Abundance ratios: Fe, Ni, Zn, Y and Ba 
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Table 6. Abundance relative to Fe : Mg, Si, Ca, Sc and Ti 
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0.74 zb 0. 


.08 




0.69 ±0.06 


0.04 ±0.20 


0.49 ± 0.10 


G 41-41 


-2 


.84 ± 0.06 


-0.71 ±0.07 


0.36 zbO 


.08 




0.39 ±0.06 


0.34 ±0.10 


0.59 ± 0.09 


G 48-29 


-2 


.82 ±0.05 


-0.50 ±0.06 


0.56 zb 0. 


08 




0.58 ±0.09 


0.26 ±0.08 


0.56 ± 0.10 


G 53-41 


-1 


.22 ±0.05 


0.25 ±0.08 


0.22 zbO. 


08 


0.23 ±0.07 


0.20 ±0.06 


0.18 ±0.07 


0.26 ± 0.08 


LP 894-3 


-1 


.50 ±0.05 


-0.17 ±0.06 


0.14 zbO. 


08 


0.28 ±0.05 


0.14 ±0.06 


0.05 ±0.09 


0.18 ± 0.11 



Table 7. Abundance relative to Fe : Cr, Mn, Ni, Zn, Y and Ba 



Star 


[Fe/H ] 


[Cr/Fc] 


[Mn/Fc] 


[Ni/Fc] 


[Zn/Fc] 


[Y/Fe] 


[Ba/Fc] 


Pfi I n/l°0/lfifi 

1SD+U4 z4DD 


1 no J_ n nc; 
— l.yz ± U.Uo 


n 1 n _i_ n no 
— U. 1U it U.Uo 


n a a _i_ n n/i 
— U.44 it U.U4 


n no J_ n nc 
U.UZ it U.Uo 


n c\a i n 1 n 
— U.U4 it U. 1U 


u.oo it u.uo 


i qi _L n nc; 
l.ol it U.UO 


JdJJ+UI oU(U 


1 rxo J_ n nc; 
— 1.0Z ± U.Uo 


n 1 a _i_ n nfi 
— U.14 it U.UD 


n cro _L n qq 
— U.Oo it U.Uo 


n 1 1 J_ n c\i 
— U.ll it U.U / 


n nfi J_ n nQ 
—U.UD it U.Uo 


n 1 /i J_ n nc; 
— U. 14 it U.UO 


n c\i _i_ n nfi 
— U.U/ it U.UD 


r>JJ+uy zo(U 


7Q _L n nc; 
— Z. { ± U.UO 


n qo J_ n nc; 
— U.oZ ± U.Uo 


n fii J_ n A7 
— U.D1 it U.U 1 


n m J_ n (17 
— U.U1 it U.U f 


n nc; j_ n nQ 
—U.Uo it U.Uo 


n a q _i_ n nc; 
— U.4o it U.UO 


n on J_ n nfi 
— U.oU it U.UD 


pn i -i n° O/i nc; 
JoD-t-lU Z4y0 


1 a _L n nc; 
— Z.1U ± U.Uo 


n 1 c _L n no 
— U. Io it u.uy 


n a n J_ n oq 
— U.4y it U.Uo 


n n7 J_ n 07 
— U.U / it U.U f 


n m J_ n nQ 
— U.U1 it U.Uo 


n ofi J_ n nc; 
— U.ZD it U.UO 


n 1 1 J_ n nfi 
—U.ll it U.UD 


r>D-t-lz Z04/ 


— l.oa ± U.Uo 


n on J_ n ht* 
— U.ZU it U.U 1 


n fin J_ n nQ 
— U.DU it U.Uo 


n nfi J_ n nv 
—U.UD it U.U f 


n nT* J_ n nQ 
— U.U i ± U.Uo 


n 1 A _i_ n nc; 
— U. 14 it U.UO 


n 1 n J_ n nfi 
— U.1U it U.UD 


JoU-+-zy zooo 


1 /i cc j_ n nc; 
— 1.40 it U.UO 


n 1 -U n n7 
— U. 1Z it U.U ( 


n fi7 -U n no 
— U.D 1 it U.Uo 


n no -U n ns 
— U.uy it U.Uo 


n nc -U n oq 
— U.Uo it U.Uo 


n nc; _i_ n nc; 
— U.UO it U.UO 


A A1 ± A Ofi 

U.U1 it U.UD 


JoD-hoU ZU11 


1 /ii j. n nfi 
— 1.41 ± U.UD 


n no 1 n 1 n 
— U.UZ it U. 1U 


n fic; j_ n n/i 
— U.Do it U.U4 


n 1 c j. n nn 

— u. io it u.uy 


n qo J_ n nQ 
— U.oZ it U.Uo 


n oo J_ n nc; 
— U.ZZ it U.UO 


n nc; j_ n nfi 
— U.UO it U.UD 


XliJ OO Ml 


nfi _|_ n nc; 
— Z.UD it U.UO 


n O/i -U n nc; 
— U.Z4 it U.UO 


C\ Z*A -\- f\ C\A 

— U.04 it U.U4 


n n7 -U n ri7 
— U.U 1 it U.U 1 


n nc -U n c\a 

— U.Uo it U.U4 


a i c ± a nc; 
— U.lO it U.UO 


n no 4- n nfi 
— u.uy it U.UD 


HU oO Mo 


9 ^g. 4- n 0^ 
— Z.00 it U.UO 


n 97 -l- n 07 

— U.Z / It U.U 1 


n aa 4- n rtfi. 

— U.^t^t It U.UD 


n nn 4- n ns 

U.UU It U.UO 


n aa 4- n n^ 

U.^iQ It U.UO 


n ^7 4- n n^ 

— U.O / It U.UO 


n fio _|_ n nfi 
— u.oy it u.ud 


ttt^i -1 n77c;o 
ILL) 1U I I OZ 


q 1 fi _l_ n nc; 
— 0. ID it U.UO 


n oq -U n n7 
— U.Zo it U.U ( 


n c;c; -U n nQ 

— U.OO it U.Uo 


n no -U n ns 
— U.UZ it U.Uo 


n nc; J- n n/i 

U.UO it U.U4 


n /in 4- n nfi 

— U.4U it U.UD 


n c;fi j_ n nfi 

— U.OD it U.UD 


IrlJ luoO 1 ( 


O Q7 -U n nc; 
— Z.o / it U.UO 


n 1 k _i_ n n7 

— U.10 it U.U 1 


n Qi 4. n n/i 

— U.ol it U.U4 


n nc -U n n7 
U.Uo it U.U ( 


n 1 n J- n c\a 

U. 1U it U.U4 


n qo 4- n ns 
— U.oZ it U.Uo 


n 1 7 4- n nfi 

— U.l / it U.UD 


Tin 1 irit;ic 
liL) llyolD 


1 00 _L n nc; 
— l.oZ it U.Uo 


n 1 c; _l n no 
— U.lO it U.Uo 


n a 1 i n n 4 
— U.41 it U.U4 


n n7 i n 1 n 
— U.U t ± U. 1U 


n nfi _i_ n nv 
—U.UD it U.U f 


n 1 /I J_ n nc; 
— U. 14 it U.UO 


n 1 1 J_ n nfi 
U.ll it U.UD 


tt"Pi -1 o/l Q c; Q 
lilJ lZ4o0o 


1 77 j. n At; 

— 1. M it U.UO 


n O/i _L n nfi 
— U.Z4 it U.UD 


n A a ~\- r\ nQ 
—U.44 it U.Uo 


n i 7 J_ n H7 
— U.l / it U.U f 


n oq J_ n n/i 
—U.Zo it U.U4 


n fin J_ n nc; 
— U.DU it U.UO 


n a q J_ n nfi 
— U.4o it U.UD 


HiJ IZoZ/y 


O/l -U n nc; 
— Z.Z4 it U.UO 


n 1 c -U n nc; 
— U.lo it U.UO 


n /io -U n nQ 
— U.4Z it U.Uo 


n n/i -U n ns 
U.U4 it U.Uo 


n nQ J- n nfi 
— U.Uo it U.UD 




n 7Q 4- n ri7 
— U.io it U.U / 


HD 175305 


-1.35 ±0.05 


-0.12 ±0.07 


-0.61 ±0.04 


-0.09 ±0.07 


-0.03 ±0.04 


0.00 ±0.06 


-0.01 ± 0.06 


HD 237846 


-3.01 ±0.05 


-0.24 ±0.06 


-0.48 ± 0.03 


-0.04 ±0.12 


0.06 ±0.04 


-0.51 ±0.07 


-1.08 ± 0.10 


HD 134439 


-1.35 ±0.05 


-0.09 ±0.07 


-0.51 ±0.03 


-0.12 ±0.08 


-0.10 ±0.03 


-0.30 ±0.05 


-0.24 ±0.06 


G 112-43 


-1.31 ±0.05 


-0.06 ±0.05 


-0.27 ±0.03 


0.02 ±0.05 


0.19 ±0.04 


-0.09 ±0.05 


-0.30 ± 0.06 


G 115-58 


-1.36 ±0.05 


-0.11 ±0.05 


-0.42 ±0.03 


-0.13 ±0.10 


-0.21 ±0.07 


-0.08 ±0.05 


-0.15 ± 0.10 


G 15-13 


-1.63 ±0.05 


-0.06 ±0.06 


-0.40 ±0.10 


-0.08 ±0.08 


-0.02 ±0.04 


-0.03 ±0.06 


0.22 ± 0.09 


G 166-37 


-1.36 ±0.05 


-0.06 ±0.06 


-0.48 ± 0.03 


-0.07 ±0.08 


-0.26 ±0.09 


0.09 ±0.06 


0.16 ± 0.07 


G 238-30 


-3.44 ±0.06 


-0.13 ±0.09 












G 41-41 


-2.84 ±0.06 












-0.36 ± 0.06 


G 48-29 


-2.82 ±0.05 


-0.07 ±0.10 










-0.54 ±0.08 


G 53-41 


-1.22 ±0.05 


-0.13 ±0.06 


-0.41 ±0.03 


-0.07 ±0.07 


-0.06 ±0.05 


0.10 ±0.05 


0.27 ±0.06 


LP 894-3 


-1.50 ±0.05 


-0.15 ±0.05 


-0.45 ±0.03 


-0.09 ±0.10 


-0.24 ±0.03 




-0.20 ±0.06 
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